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Th
e
C
on
cise
G
uide
to
PH
A
R
M
A
C
O
LO
G
Y
2017/18
provides
con
cise
overview
s
of
th
e
key
properties
of
n
early
1800
h
um
an
drug
targets
w
ith
an
em
ph
asis
on
selective
ph
arm
acology
(w
h
ere
available),
plus
lin
ks
to
an
open
access
kn
ow
ledgebase
of
drug
targets
an
d
th
eir
ligan
ds
(w
w
w
.guidetoph
arm
acology.org),w
h
ich
provides
m
ore
detailed
view
s
of
target
an
d
ligan
d
properties.
A
lth
ough
th
e
C
on
cise
G
uide
represen
ts
approxim
ately
400
pages,th
e
m
aterial
presen
ted
is
substan
tially
reduced
com
pared
to
in
form
ation
an
d
lin
ks
presen
ted
on
th
e
w
ebsite.
It
provides
a
perm
an
en
t,citable,poin
t-in
-tim
e
record
th
at
w
ill
survive
database
updates.
Th
e
full
con
ten
ts
of
th
is
section
can
be
foun
d
at
h
ttp://on
lin
elibrary.w
iley.com
/doi/10.1111/bph
.13878/full.
G
protein
-coupled
receptors
are
on
e
of
th
e
eigh
t
m
ajor
ph
arm
acological
targets
in
to
w
h
ich
th
e
G
uide
is
divided,
w
ith
th
e
oth
ers
bein
g:
ligan
d-gated
ion
ch
an
n
els,
voltage-gated
ion
ch
an
n
els,
oth
er
ion
ch
an
n
els,
n
uclear
h
orm
on
e
receptors,catalytic
receptors,en
zym
es
an
d
tran
sporters.Th
ese
are
presen
ted
w
ith
n
om
en
clature
guidan
ce
an
d
sum
m
ary
in
form
ation
on
th
e
best
available
ph
arm
acologicaltools,alon
gside
key
referen
ces
an
d
suggestion
s
for
furth
er
readin
g.Th
e
lan
dscape
form
at
ofth
e
C
on
cise
G
uide
is
design
ed
to
facilitate
com
parison
ofrelated
targets
from
m
aterialcon
tem
porary
to
m
id-2017,an
d
supersedes
data
presen
ted
in
th
e
2015/16
an
d
2013/14
C
on
cise
G
uides
an
d
previous
G
uides
to
R
eceptors
an
d
C
h
an
n
els.
It
is
produced
in
close
con
jun
ction
w
ith
th
e
N
om
en
clature
C
om
m
ittee
of
th
e
U
n
ion
of
Basic
an
d
C
lin
ical
Ph
arm
acology
(N
C
-IU
PH
A
R
),th
erefore,providin
g
officialIU
PH
A
R
classification
an
d
n
om
en
clature
for
h
um
an
drug
targets,w
h
ere
appropriate.
C
o
n
fl
ict
o
f
in
terest
Th
e
auth
ors
state
th
at
th
ere
are
n
o
con
flicts
of
in
terest
to
declare.
©
2017
Th
e
A
uth
ors.British
Journ
alof
Ph
arm
acology
publish
ed
by
Joh
n
W
iley
&
Son
s
Ltd
on
beh
alf
of
British
Ph
arm
acologicalSociety.
Th
is
is
an
open
access
article
un
der
th
e
term
s
ofth
e
C
reative
C
om
m
on
s
A
ttribution
Licen
se,w
h
ich
perm
its
use,distribution
an
d
reproduction
in
an
y
m
edium
,provided
th
e
origin
alw
ork
is
properly
cited.
O
verview
:
G
protein
-coupled
receptors
(G
PC
R
s)
are
th
e
largest
class
of
m
em
bran
e
protein
s
in
th
e
h
um
an
gen
om
e.
Th
e
term
"7TM
receptor"
is
com
m
on
ly
used
in
terch
an
geably
w
ith
"G
PC
R
",alth
ough
th
ere
are
som
e
receptors
w
ith
seven
tran
sm
em
bran
e
dom
ain
s
th
at
do
n
ot
sign
al
th
rough
G
protein
s.
G
PC
R
s
sh
are
a
com
m
on
arch
itecture,each
con
sistin
g
of
a
sin
gle
polypeptide
w
ith
an
extracellular
N
-term
in
us,an
in
tracellular
C
-term
in
us
an
d
seven
h
ydroph
obic
tran
sm
em
bran
e
dom
ain
s
(TM
1-TM
7)lin
ked
by
th
ree
extracellular
loops
(EC
L1-EC
L3)an
d
th
ree
in
tracellular
loops
(IC
L1-IC
L3).A
bout800
G
PC
R
s
h
ave
been
iden
tified
in
m
an
,of
w
h
ich
about
h
alf
h
ave
sen
sory
fun
ction
s,m
ediatin
g
olfaction
(∼
400),taste
(33),ligh
t
perception
(10)
an
d
ph
erom
on
e
sign
allin
g
(5)
[1362].
Th
e
rem
ain
in
g∼
350
n
on
-sen
sory
G
PC
R
s
m
ediate
sign
allin
g
by
ligan
ds
th
atran
ge
in
size
from
sm
allm
olecules
to
peptides
to
large
protein
s;th
ey
are
th
e
targets
for
th
e
m
ajority
ofdrugs
in
clin
icalusage
[1519,1631],alth
ough
on
ly
a
m
in
ority
of
th
ese
receptors
are
exploited
th
erapeutically.
Th
e
first
classification
sch
em
e
to
be
proposed
for
G
PC
R
s
[1030]
divided
th
em
,on
th
e
basic
of
sequen
ce
h
om
ology,in
to
six
classes.
Th
ese
classes
an
d
th
eir
prototype
m
em
bers
w
ere
as
follow
s:C
lass
A
(rh
odopsin
-like),C
lass
B
(secretin
receptor
fam
ily),C
lass
C
(m
etabotropic
glutam
ate),C
lass
D
(fun
galm
atin
g
ph
erom
on
e
receptors),C
lass
E
(cyclic
A
M
P
receptors)
an
d
C
lass
F
(frizzled/sm
ooth
en
ed).O
fth
ese,classes
D
an
d
E
are
n
ot
foun
d
in
vertebrates.A
n
altern
ative
classification
sch
em
e
"G
R
A
FS"
[1737]divides
vertebrate
G
PC
R
s
in
to
five
classes,overlappin
g
w
ith
th
e
A
-F
n
om
en
clature,viz:
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w
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G
lu
tam
ate
fam
ily
(class
C
),
w
h
ich
in
cludes
m
etabotropic
glutam
ate
receptors,
a
calcium
-sen
sin
g
receptor
an
d
G
A
BA
B
receptors,
as
w
ell
as
th
ree
taste
type
1
receptors
an
d
a
fam
ily
of
ph
erom
on
e
receptors
(V
2
receptors)
th
at
are
abun
dan
t
in
roden
ts
but
absen
t
in
m
an
[1362].
R
h
o
d
o
p
sin
fam
ily
(class
A
),w
h
ich
in
cludes
receptors
for
a
w
ide
variety
ofsm
allm
olecules,n
eurotran
sm
itters,peptides
an
d
h
orm
on
es,togeth
er
w
ith
olfactory
receptors,visualpigm
en
ts,taste
type
2
receptors
an
d
five
ph
erom
on
e
receptors
(V
1
receptors).
A
d
h
esio
n
fam
ily
G
PC
R
s
are
ph
ylogen
etically
related
to
class
B
receptors,from
w
h
ich
th
ey
differ
by
possessin
g
large
extracellular
N
-term
in
ith
at
are
autoproteolytically
cleaved
from
th
eir
7TM
dom
ain
s
ata
con
served
"G
PC
R
proteolysis
site"(G
PS)w
h
ich
lies
w
ith
in
a
m
uch
larger
(˜320
residue)"G
PC
R
autoproteolysis-in
ducin
g"(G
A
IN
)dom
ain
,an
evolution
ary
an
cien
tm
ofifalso
foun
d
in
polycystic
kidn
ey
disease
1
(PK
D
1)-like
protein
s,w
h
ich
h
as
been
suggested
to
be
both
required
an
d
sufficien
t
for
autoproteolysis
[1609].
Frizzled
fam
ily
con
sists
of10
Frizzled
protein
s
(FZD
(1-10))an
d
Sm
ooth
en
ed
(SM
O
).Th
e
FZD
s
are
activated
by
secreted
lipoglycoprotein
s
ofth
e
W
N
T
fam
ily,w
h
ereas
SM
O
is
in
directly
activated
by
th
e
H
edgeh
og
(H
H
)
fam
ily
of
protein
s
actin
g
on
th
e
tran
sm
em
bran
e
protein
Patch
ed
(PTC
H
).
Secretin
fam
ily
(class
B
),en
coded
by
15
gen
es
in
h
um
an
s.Th
e
ligan
ds
for
receptors
in
th
is
fam
ily
are
polypeptide
h
orm
on
es
of27-141
am
in
o
acid
residues;n
in
e
ofth
e
m
am
m
alian
receptors
respon
d
to
ligan
ds
th
at
are
structurally
related
to
on
e
an
oth
er
(glucagon
,glucagon
-like
peptides
(G
LP-1,G
LP-2),glucose-depen
den
t
in
sulin
otropic
polypeptide
(G
IP),secretin
,vasoactive
in
testin
alpeptide
(V
IP),
pituitary
aden
ylate
cyclase-activatin
g
polypeptide
(PA
C
A
P)
an
d
grow
th
-h
orm
on
e-releasin
g
h
orm
on
e
(G
H
R
H
))
[738].
G
P
C
R
fam
ilies
Fam
ily
C
lass
A
C
lass
B
(Secretin
)
C
lass
C
(G
lu
tam
ate)
A
d
h
esio
n
Frizzled
R
ecep
to
rs
w
ith
k
n
o
w
n
lig
an
d
s
197
15
12
0
11
O
rp
h
an
s
87
(54) a
-
8
(1) a
26
(6) a
0
Sen
so
ry
(o
lfactio
n
)
390
b,c
-
-
-
-
Sen
so
ry
(visio
n
)
10
d
opsin
s
-
-
-
-
Sen
so
ry
(taste)
30
c
taste
2
-
3
c
taste
1
-
-
Sen
so
ry
(p
h
ero
m
o
n
e)
5
c
vom
eron
asal1
-
-
-
-
T
o
tal
719
15
22
33
11
aN
um
bers
in
brackets
refer
to
orph
an
receptors
for
w
h
ich
an
en
dogen
ous
ligan
d
h
as
been
proposed
in
at
least
on
e
publication
,see
[414];
b[1511];
c[1362];
d[1941].
M
uch
of
our
curren
t
un
derstan
din
g
of
th
e
structure
an
d
fun
ction
of
G
PC
R
s
is
th
e
result
of
pion
eerin
g
w
ork
on
th
e
visual
pigm
en
t
rh
odopsin
an
d
on
th
e
β
2
adren
oceptor,th
e
latter
culm
in
atin
g
in
th
e
aw
ard
of
th
e
2012
N
obelPrize
in
ch
em
istry
to
R
obert
Lefkow
itz
an
d
Brian
K
obilka
[1021,1137].
Fam
ily
stru
ctu
re
S19
O
rph
an
an
d
oth
er
7TM
receptors
S19
C
lass
A
O
rph
an
s
–
C
lass
B
O
rph
an
s
S28
C
lass
C
O
rph
an
s
S28
Taste
1
receptors
S29
Taste
2
receptors
S30
O
th
er
7TM
protein
s
S30
5-H
ydroxytryptam
in
e
receptors
S34
A
cetylch
olin
e
receptors
(m
uscarin
ic)
S36
A
den
osin
e
receptors
S37
A
dh
esion
C
lass
G
PC
R
s
S39
A
dren
oceptors
S43
A
n
gioten
sin
receptors
S44
A
pelin
receptor
S45
Bile
acid
receptor
S45
Bom
besin
receptors
S47
Bradykin
in
receptors
S48
C
alciton
in
receptors
S50
C
alcium
-sen
sin
g
receptor
S51
C
an
n
abin
oid
receptors
S52
C
h
em
erin
receptor
S52
C
h
em
okin
e
receptors
S57
C
h
olecystokin
in
receptors
S58
C
lass
Frizzled
G
PC
R
s
S59
C
om
plem
en
t
peptide
receptors
S60
C
orticotropin
-releasin
g
factor
receptors
S61
D
opam
in
e
receptors
S63
En
doth
elin
receptors
S64
G
protein
-coupled
estrogen
receptor
S65
Form
ylpeptide
receptors
S66
Free
fatty
acid
receptors
S67
G
A
BA
B
receptors
S69
G
alan
in
receptors
S70
G
h
relin
receptor
S71
G
lucagon
receptor
fam
ily
S72
G
lycoprotein
h
orm
on
e
receptors
S73
G
on
adotroph
in
-releasin
g
h
orm
on
e
receptors
S74
G
PR
18,G
PR
55
an
d
G
PR
119
S76
H
istam
in
e
receptors
S77
H
ydroxycarboxylic
acid
receptors
S78
K
isspeptin
receptor
S79
Leukotrien
e
receptors
S80
Lysoph
osph
olipid
(LPA
)
receptors
S82
Lysoph
osph
olipid
(S1P)
receptors
S83
M
elan
in
-con
cen
tratin
g
h
orm
on
e
receptors
S84
M
elan
ocortin
receptors
S85
M
elaton
in
receptors
S86
M
etabotropic
glutam
ate
receptors
S88
M
otilin
receptor
S89
N
eurom
edin
U
receptors
S90
N
europeptide
FF/n
europeptide
A
F
receptors
S91
N
europeptide
S
receptor
S91
N
europeptide
W
/n
europeptide
B
receptors
S92
N
europeptide
Y
receptors
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S94
N
euroten
sin
receptors
S95
O
pioid
receptors
S97
O
rexin
receptors
S98
O
xoglutarate
receptor
S98
P2Y
receptors
S100
Parath
yroid
h
orm
on
e
receptors
S101
Platelet-activatin
g
factor
receptor
S102
Prokin
eticin
receptors
S103
Prolactin
-releasin
g
peptide
receptor
S104
Prostan
oid
receptors
S106
Protein
ase-activated
receptors
S107
Q
R
FP
receptor
S108
R
elaxin
fam
ily
peptide
receptors
S110
Som
atostatin
receptors
S110
Succin
ate
receptor
S111
Tach
ykin
in
receptors
S112
Th
yrotropin
-releasin
g
h
orm
on
e
receptors
S113
Trace
am
in
e
receptor
S114
U
roten
sin
receptor
S115
V
asopressin
an
d
oxytocin
receptors
S116
V
IP
an
d
PA
C
A
P
receptors
O
rphan
and
other
7TM
receptors
G
protein
-coupled
receptors→
O
rph
an
an
d
oth
er
7TM
receptors
C
lass
A
O
rphans
G
protein
-coupled
receptors→
O
rph
an
an
d
oth
er
7TM
receptors→
C
lass
A
O
rph
an
s
O
verview
:Table
1
lists
a
n
um
ber
ofputative
G
PC
R
s
iden
tified
by
N
C
-IU
P
H
A
R
[557],for
w
h
ich
prelim
in
ary
eviden
ce
for
an
en
dogen
ous
ligan
d
h
as
been
publish
ed,or
for
w
h
ich
th
ere
exists
a
poten
tial
lin
k
to
a
disease,or
disorder.Th
ese
G
PC
R
s
h
ave
recen
tly
been
review
ed
in
detail[414].Th
e
G
PC
R
s
in
Table
1
are
allC
lass
A
,rh
odopsin
-like
G
PC
R
s.C
lass
A
orph
an
G
PC
R
s
n
ot
listed
in
Table
1
are
putative
G
PC
R
s
w
ith
as-yet
un
iden
tified
en
dogen
ous
ligan
ds.
T
ab
le
1
:C
lass
A
orph
an
G
PC
R
s
w
ith
putative
en
dogen
ous
ligan
ds
G
PR1
G
PR3
G
PR4
G
PR6
G
PR12
G
PR15
G
PR17
G
PR20
G
PR22
G
PR26
G
PR31
G
PR34
G
PR35
G
PR37
G
PR39
G
PR50
G
PR63
G
RP65
G
PR68
G
PR75
G
PR84
G
PR87
G
PR88
G
PR132
G
PR149
G
PR161
G
PR183
LG
R4
LG
R5
LG
R6
M
A
S1
M
RG
PRD
M
RG
PRX
1
M
RG
PRX
2
P2RY
10
TA
A
R2
In
addition
th
e
orph
an
receptors
G
PR18,
G
PR55
an
d
G
PR119
w
h
ich
are
reported
to
respon
d
to
en
dogen
ous
agen
ts
an
alogous
to
th
e
en
dogen
ous
can
n
abin
oid
ligan
ds
h
ave
been
grouped
togeth
er
(G
PR
18,G
PR
55
an
d
G
PR
119).
N
om
enclature
G
PR1
G
PR3
H
G
N
C
,U
niProt
G
PR1,P46091
G
PR3,P46089
Endogenous
agonists
chem
erin
(RARRES2,Q
99969)
[101]
–
Agonists
–
diphenyleneiodonium
chloride
[2179]
Searchable
database:http://w
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C
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(continued)
N
om
enclature
G
PR1
G
PR3
C
om
m
ents
Reported
to
act
as
a
co-receptor
for
H
IV
[1791].See
review
[414]for
discussion
of
pairing
w
ith
chem
erin.
sphingosine
1-phosphate
w
as
reported
to
be
an
endogenous
agonist[1997],butthis
finding
w
as
notreplicated
in
subsequent
studies
[2182].Reported
to
activate
adenylylcyclase
constitutively
through
G
s
[494].G
ene
disruption
results
in
prem
ature
ovarian
ageing
[1128],reduced
β-am
yloid
deposition
[1943]and
hypersensitivity
to
therm
alpain
[1689]in
m
ice.First
sm
allm
olecule
inverse
agonist
[903]and
agonists
identified
[2179].
N
om
enclature
G
PR4
G
PR6
G
PR42
H
G
N
C
,U
niProt
G
PR4,P46093
G
PR6,P46095
G
PR42,O
15529
Endogenous
ligands
Protons
–
–
C
om
m
ents
An
initialreport
suggesting
activation
by
lysophosphatidylcholine
and
sphingosylphosphorylcholine
[2225]has
been
retracted
[1470].G
PR4,
G
PR65,G
PR68
and
G
PR132
are
now
thought
to
function
as
proton-sensing
receptors
detecting
acidic
pH
[414,1775].G
ene
disruption
is
associated
w
ith
increased
perinatalm
ortality
and
im
paired
vascular
proliferation
[2173].N
egative
allosteric
m
odulators
ofG
PR4
have
been
reported
[1967].
An
initialreport
that
sphingosine
1-phosphate
(S1P)
w
as
a
high-affinity
ligand
(EC
50
value
of39nM
)
[855,1997]w
as
not
repeated
in
arrestin-based
assays
[1854,2182].Reported
to
activate
adenylylcyclase
constitutively
through
G
s
and
to
be
located
intracellularly
[1521].G
PR6-deficient
m
ice
show
ed
reduced
striatalcyclic
AM
P
production
in
vitro
and
selected
alterations
in
instrum
entalconditioning
in
vivo.[1200].
–
N
om
enclature
G
PR12
G
PR15
G
PR17
H
G
N
C
,U
niProt
G
PR12,P47775
G
PR15,P49685
G
PR17,Q
13304
Endogenous
agonists
–
–
U
D
P-glucose
[134,359],LTC
4
[359],U
D
P-galactose
[134,359],
uridine
diphosphate
[134,359],LTD
4
[359]
C
om
m
ents
Reports
that
sphingosine
1-phosphate
is
a
ligand
ofG
PR12
[854,1997]have
not
been
replicated
in
arrestin-based
assays
[1854,2182].G
ene
disruption
results
in
dyslipidem
ia
and
obesity
[158].
Reported
to
act
as
a
co-receptor
for
H
IV
[490].In
an
infection-induced
colitis
m
odel,G
pr15
knockoutm
ice
w
ere
m
ore
prone
to
tissue
dam
age
and
inflam
m
atory
cytokine
expression
[991].
Reported
to
be
a
dualleukotriene
and
uridine
diphosphate
receptor[359].
Another
group
instead
proposed
that
G
PR17
functions
as
a
negative
regulator
ofthe
C
ysLT
1
receptor
response
to
leukotriene
D
4
(LTD
4 ).For
further
discussion,see
[414].Reported
to
antagonize
C
ysLT
1
receptor
signalling
in
vivo
and
in
vitro
[1239].See
review
s
[258]and
[414].
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N
om
enclature
G
PR19
G
PR20
G
PR21
G
PR22
G
PR25
G
PR26
G
PR27
H
G
N
C
,U
niProt
G
PR19,
Q
15760
G
PR20,Q
99678
G
PR21,Q
99679
G
PR22,Q
99680
G
PR25,
O
00155
G
PR26,Q
8N
D
V2
G
PR27,Q
9N
S67
C
om
m
ents
–
Reported
to
inhibit
adenylyl
cyclase
constitutively
through
G
i/o
[743].G
PR20
deficient
m
ice
exhibit
hyperactivity
characterised
by
increased
totaldistance
travelled
in
an
open
field
test
[213].
G
pr21
knockout
m
ice
w
ere
resistant
to
diet-induced
obesity,exhibiting
an
increase
in
glucose
tolerance
and
insulin
sensitivity,as
w
ell
as
a
m
odest
lean
phenotype
[1516].
G
ene
disruption
results
in
increased
severity
offunctional
decom
pensation
follow
ing
aortic
banding
[10].Identified
as
a
susceptibility
locus
for
osteoarthritis
[520,975,2011].
–
H
as
been
reported
to
activate
adenylylcyclase
constitutively
through
G
s
[923].G
pr26
knockout
m
ice
show
increased
levels
ofanxiety
and
depression-like
behaviours
[2209].
Knockdow
n
ofG
pr27
reduces
endogenous
m
ouse
insulin
prom
otor
activity
and
glucose-stim
ulated
insulin
secretion
[1059].
N
om
enclature
G
PR31
G
PR32
G
PR33
G
PR34
H
G
N
C
,U
niProt
G
PR31,O
00270
G
PR32,O
75388
G
PR33,Q
49SQ
1
G
PR34,Q
9U
PC
5
Potency
order
ofendogenous
ligands
–
resolvin
D
1
>
LX
A
4
–
–
Endogenous
agonists
12S-H
ETE
[700]–
M
ouse
resolvin
D
1
[1052],LX
A
4
[1052]
–
lysophosphatidylserine
[1008,1891]
Labelled
ligands
–
[ 3H
]resolvin
D
1
(Agonist)
[1052]
–
–
C
om
m
ents
See
[414]for
discussion
ofpairing.
resolvin
D
1
has
been
dem
onstrated
to
activate
G
PR32
in
tw
o
publications
[331,
1052].The
pairing
w
as
not
replicated
in
a
recent
study
based
on
arrestin
recruitm
ent
[1854].G
PR32
is
a
pseudogene
in
m
ice
and
rats.See
review
s
[258]and
[414].
G
PR33
is
a
pseudogene
in
m
ost
individuals,containing
a
prem
ature
stop
codon
w
ithin
the
coding
sequence
ofthe
second
intracellular
loop
[1696].
Lysophosphatidylserine
has
been
reported
to
be
a
ligand
ofG
PR34
in
severalpublications,but
the
pairing
w
as
not
replicated
in
a
recent
study
based
on
arrestin
recruitm
ent
[1854].Fails
to
respond
to
a
variety
of
lipid-derived
agents
[2182].G
ene
disruption
results
in
an
enhanced
im
m
une
response
[1168].
C
haracterization
ofagonists
at
this
receptor
is
discussed
in
[859]and
[414].
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N
om
enclature
G
PR35
G
PR37
H
G
N
C
,U
niProt
G
PR35,Q
9H
C
97
G
PR37,O
15354
Endogenous
agonists
2-oleoyl-LPA
[1503],kynurenic
acid
[1854,2066]
–
Agonists
–
neuropeptide
head
activator
[1652]
C
om
m
ents
Severalstudies
have
show
n
that
kynurenic
acid
is
an
agonist
ofG
PR35
but
it
rem
ains
controversialw
hether
the
proposed
endogenous
ligand
reaches
sufficient
tissue
concentrations
to
activate
the
receptor
[1061].
2-oleoyl-LPA
has
also
been
proposed
as
an
endogenous
ligand
[1503]but
these
results
w
ere
not
replicated
in
an
arrestin
assay
[1854].The
phosphodiesterase
inhibitor
zaprinast
[1937]has
becom
e
w
idely
used
as
a
surrogate
agonist
to
investigate
G
PR35
pharm
acology
and
signalling
[1937].G
PR35
is
also
activated
by
the
pharm
aceuticaladjunct
pam
oic
acid
[2218].See
review
s
[414]and
[453].
Reported
to
associate
and
regulate
the
dopam
ine
transporter
[1269]and
to
be
a
substrate
forparkin
[1267].G
ene
disruption
results
in
altered
striatalsignalling
[1268].The
peptides
prosaptide
and
prosaposin
are
proposed
as
endogenous
ligands
for
G
PR37
and
G
PR37L1
[1324].
N
om
enclature
G
PR37L1
G
PR39
G
PR45
G
PR50
H
G
N
C
,U
niProt
G
PR37L1,O
60883
G
PR39,O
43194
G
PR45,Q
9Y5Y3
G
PR50,Q
13585
Endogenous
agonists
–
Zn
2+
[813]
–
–
C
om
m
ents
The
peptides
prosaptide
and
prosaposin
are
proposed
as
endogenous
ligands
for
G
PR37
and
G
PR37L1
[1324].
Zn
2+
has
been
reported
to
be
a
potent
and
efficacious
agonist
of
hum
an,m
ouse
and
rat
G
PR39
[2176].obestatin
(G
H
RL,Q
9U
BU
3),
a
fragm
ent
from
the
ghrelin
precursor,w
as
reported
initially
as
an
endogenous
ligand,but
subsequent
studies
failed
to
reproduce
these
findings.G
PR39
has
been
reported
to
be
dow
n-regulated
in
adipose
tissue
in
obesity-related
diabetes
[285].G
ene
disruption
results
in
obesity
and
altered
adipocyte
m
etabolism
[1567].
Review
ed
in
[414].
–
G
PR50
is
structurally
related
to
M
T
1
and
M
T
2
m
elatonin
receptors,w
ith
w
hich
it
heterodim
erises
constitutively
and
specifically
[1155].G
pr50
knockout
m
ice
display
abnorm
al
therm
oregulation
and
are
m
uch
m
ore
likely
than
w
ild-type
m
ice
to
enter
fasting-induced
torpor
[117].
N
om
enclature
G
PR52
G
PR61
G
PR62
G
PR63
G
PR65
H
G
N
C
,U
niProt
G
PR52,Q
9Y2T5
G
PR61,Q
9BZJ8
G
PR62,Q
9BZJ7
G
PR63,Q
9BZJ6
G
PR65,Q
8IYL9
Endogenous
ligands
–
–
–
–
Protons
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N
om
enclature
G
PR52
G
PR61
G
PR62
G
PR63
G
PR65
C
om
m
ents
First
sm
allm
olecule
agonist
reported
[1774].
G
PR61
deficient
m
ice
exhibit
obesity
associated
w
ith
hyperphagia
[1422].
Although
no
endogenous
ligands
have
been
identified,
5-(nonyloxy)tryptam
ine
has
been
reported
to
be
a
low
affinity
inverse
agonist
[1925].
–
sphingosine
1-phosphate
and
dioleoylphosphatidic
acid
have
been
reported
to
be
low
affinity
agonists
for
G
PR63
[1459]but
this
finding
w
as
not
replicated
in
an
arrestin-based
assay
[2182].
G
PR4,G
PR65,G
PR68
and
G
PR132
are
now
thought
to
function
as
proton-sensing
receptors
detecting
acidic
pH
[414,1775].Reported
to
activate
adenylylcyclase;gene
disruption
leads
to
reduced
eosinophilia
in
m
odels
ofallergic
airw
ay
disease
[1044].
N
om
enclature
G
PR68
G
PR75
G
PR78
G
PR79
G
PR82
H
G
N
C
,U
niProt
G
PR68,Q
15743
G
PR75,O
95800
G
PR78,Q
96P69
G
PR79,–
G
PR82,Q
96P67
Endogenous
ligands
Protons
–
–
–
–
Allosteric
m
odulators
lorazepam
(Positive)
[838]
–
–
–
–
C
om
m
ents
G
PR68
w
as
previously
identified
as
a
receptor
for
sphingosylphosphorylcholine
(SPC
)
[2157],but
the
originalpublication
has
been
retracted
[2156].G
PR4,
G
PR65,G
PR68
and
G
PR132
are
now
thought
to
function
as
proton-sensing
receptors
detecting
acidic
pH
[414,1775].A
fam
ily
of3,5-disubstituted
isoxazoles
w
ere
identified
as
agonists
ofG
PR68
[1691].
C
C
L5
(CCL5,P13501)
w
as
reported
to
be
an
agonist
of
G
PR75
[856],but
the
pairing
could
not
be
repeated
in
an
arrestin
assay
[1854].
G
PR78
has
been
reported
to
be
constitutively
active,
coupled
to
elevated
cAM
P
production
[923].
–
M
ice
w
ith
G
pr82
knockout
have
a
low
er
body
w
eight
and
body
fat
content
associated
w
ith
reduced
food
intake,
decreased
serum
triglyceride
levels,as
w
ell
as
higher
insulin
sensitivity
and
glucose
tolerance
[507].
N
om
enclature
G
PR83
G
PR84
G
PR85
G
PR87
G
PR88
G
PR101
H
G
N
C
,U
niProt
G
PR83,Q
9N
YM
4
G
PR84,Q
9N
Q
S5
G
PR85,P60893
G
PR87,Q
9BY21
G
PR88,Q
9G
ZN
0
G
PR101,Q
96P66
Endogenous
agonists
–
–
–
LPA
[1401,1911]
–
–
Agonists
PEN
{M
ouse}
[655]–
M
ouse,
Zn
2+
[1409]–
M
ouse
decanoic
acid
[1854,2067],
undecanoic
acid
[2067],lauric
acid
[2067]
–
–
–
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N
om
enclature
G
PR83
G
PR84
G
PR85
G
PR87
G
PR88
G
PR101
C
om
m
ents
O
ne
isoform
has
been
im
plicated
in
the
induction
ofC
D
4(+)
C
D
25(+)
regulatory
T
cells
(Tregs)
during
inflam
m
atory
im
m
une
responses
[731].The
extracellular
N
-term
inaldom
ain
is
reported
as
an
intram
olecular
inverse
agonist
[1410].
M
edium
chain
free
fatty
acids
w
ith
carbon
chain
lengths
of9-14
activate
G
PR84
[1901,2067].A
surrogate
ligand
for
G
PR84,
6-n-octylam
inouracilhas
also
been
proposed
[1901].See
review
[414]for
discussion
ofclassification.M
utational
analysis
and
m
olecular
m
odelling
of
G
PR84
has
been
reported
[1463].
Proposed
to
regulate
hippocam
palneurogenesis
in
the
adult,as
w
ellas
neurogenesis-dependent
learning
and
m
em
ory
[319].
–
G
ene
disruption
results
in
altered
striatalsignalling
[1203].Sm
allm
olecule
agonists
have
been
reported
[151].
M
utations
in
G
PR101
have
been
linked
to
gigantism
and
acrom
egaly
[1982].
N
om
enclature
G
PR132
G
PR135
G
PR139
G
PR141
G
PR142
G
PR146
H
G
N
C
,U
niProt
G
PR132,Q
9U
N
W
8
G
PR135,
Q
8IZ08
G
PR139,Q
6D
W
J6
G
PR141,
Q
7Z602
G
PR142,Q
7Z601
G
PR146,Q
96C
H
1
Endogenous
ligands
Protons
–
–
–
–
–
C
om
m
ents
G
PR4,G
PR65,G
PR68
and
G
PR132
are
now
thought
to
function
as
proton-sensing
receptors
detecting
acidic
pH
[414,1775].Reported
to
respond
to
lysophosphatidylcholine
[934],but
later
retracted
[2126].
–
Peptide
agonists
have
been
reported
[867].
–
Sm
allm
olecule
agonists
have
been
reported
[1968,2196].
Yosten
etal.dem
onstrated
inhibition
ofproinsulin
C
-peptide
(IN
S,
P01308)-induced
stim
ulation
ofcFos
expression
folllow
ing
knockdow
n
of
G
PR146
in
KATO
IIIcells,suggesting
proinsulin
C
-peptide
as
an
endogenous
ligand
ofthe
receptor
[2193].
N
om
enclature
G
PR148
G
PR149
G
PR150
G
PR151
G
PR152
G
PR153
G
PR160
H
G
N
C
,U
niProt
G
PR148,
Q
8TD
V2
G
PR149,Q
86SP6
G
PR150,
Q
8N
G
U
9
G
PR151,Q
8TD
V0
G
PR152,
Q
8TD
T2
G
PR153,
Q
6N
V75
G
PR160,
Q
9U
J42
C
om
m
ents
–
G
pr149
knockout
m
ice
displayed
increased
fertility
and
enhanced
ovulation,w
ith
increased
levels
ofFSH
receptor
and
cyclin
D
2
m
RN
A
levels
[491].
–
G
PR151
responded
to
galanin
w
ith
an
EC
50
value
of2
µ
M
,suggesting
that
the
endogenous
ligand
shares
structuralfeatures
w
ith
galanin
(G
AL,
P22466)
[853].
–
–
–
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N
om
enclature
G
PR161
G
PR162
G
PR171
G
PR173
G
PR174
G
PR176
G
PR182
H
G
N
C
,U
niProt
G
PR161,Q
8N
6U
8
G
PR162,
Q
16538
G
PR171,O
14626
G
PR173,
Q
9N
S66
G
PR174,Q
9BX
C
1
G
PR176,
Q
14439
G
PR182,O
15218
Endogenous
agonists
–
–
–
–
lysophosphatidylserine
[864]
–
–
C
om
m
ents
A
C
-term
inaltruncation
(deletion)
m
utation
in
G
pr161
causes
congenital
cataracts
and
neuraltube
defects
in
the
vacuolated
lens
(vl)
m
ouse
m
utant
[1289].The
m
utated
receptor
is
associated
w
ith
cataract,spina
bifida
and
w
hite
belly
spot
phenotypes
in
m
ice
[1039].G
ene
disruption
is
associated
w
ith
a
failure
ofasym
m
etric
em
bryonic
developm
ent
in
zebrafish
[1151].
–
G
PR171
has
been
show
n
to
be
activated
by
the
endogenous
peptide
BigLEN
{M
ouse}.This
receptor-peptide
interaction
is
believed
to
be
involved
in
regulating
feeding
and
m
etabolism
responses
[654].
–
See
[859]w
hich
discusses
characterization
of
agonists
at
this
receptor.
–
Rat
G
PR182
w
as
first
proposed
as
the
adrenom
edullin
receptor
[947].H
ow
ever,it
w
as
later
reported
that
rat
and
hum
an
G
PR182
did
not
respond
to
adrenom
edullin
[973]and
G
PR182
is
not
currently
considered
to
be
a
genuine
adrenom
edullin
receptor
[756].
N
om
enclature
G
PR183
LG
R4
H
G
N
C
,U
niProt
G
PR183,P32249
LG
R4,Q
9BX
B1
Endogenous
agonists
7α
,25-dihydroxycholesterol[729,1191],7α
,27-dihydroxycholesterol[1191],
7β,25-dihydroxycholesterol[1191],7β,27-dihydroxycholesterol[1191]
R-spondin-2
(RSPO
2,Q
6U
X
X
9)
[277],R-spondin-1
(RSPO
1,Q
2M
KA7)
[277],R-spondin-3
(RSPO
3,Q
9BX
Y4)
[277],R-spondin-4
(RSPO
4,Q
2I0M
5)
[277]
C
om
m
ents
Tw
o
independent
publications
have
show
n
that
7α
,25-dihydroxycholesterolis
an
agonist
ofG
PR183
and
have
dem
onstrated
by
m
ass
spectrom
etry
that
this
oxysterolis
presentendogenously
in
tissues
[729,1191].G
pr183-deficientm
ice
show
a
reduction
in
the
early
antibody
response
to
a
T-dependent
antigen.G
PR183-deficient
B
cells
failto
m
igrate
to
the
outer
follicle
and
instead
stay
in
the
follicle
centre
[966,1557].
LG
R4
does
not
couple
to
heterotrim
eric
G
proteins
or
recruit
arrestins
w
hen
stim
ulated
by
the
R-spondins,indicating
a
unique
m
echanism
ofaction.R-spondins
bind
to
LG
R4,
w
hich
specifically
associates
w
ith
Frizzled
and
LD
L
receptor-related
proteins
(LRPs)
thatare
activated
by
the
extracellular
W
nt
m
olecules
and
then
trigger
canonicalW
nt
signalling
to
increase
gene
expression
[277,426,1686].G
ene
disruption
leads
to
m
ultiple
developm
entaldisorders
[911,1219,1849,2092].
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N
om
enclature
LG
R5
LG
R6
M
AS1
M
AS1L
H
G
N
C
,U
niProt
LG
R5,O
75473
LG
R6,Q
9H
BX
8
M
AS1,P04201
M
AS1L,P35410
Endogenous
agonists
R-spondin-2
(RSPO
2,Q
6U
X
X
9)
[277],R-spondin-1
(RSPO
1,
Q
2M
KA7)
[277],R-spondin-3
(RSPO
3,Q
9BX
Y4)
[277],R-spondin-4
(RSPO
4,Q
2I0M
5)
[277]
R-spondin-1
(RSPO
1,Q
2M
KA7)
[277,426],
R-spondin-2
(RSPO
2,Q
6U
X
X
9)
[277,426],
R-spondin-3
(RSPO
3,Q
9BX
Y4)
[277,426],
R-spondin-4
(RSPO
4,Q
2I0M
5)
[277,426]
–
–
Agonists
–
–
angiotensin-(1-7)
(AG
T,
P01019)
[645]–
M
ouse
–
C
om
m
ents
The
four
R-spondins
can
bind
to
LG
R4,LG
R5,and
LG
R6,w
hich
specifically
associate
w
ith
Frizzled
and
LD
L
receptor-related
proteins
(LRPs),proteins
that
are
activated
by
extracellular
W
nt
m
olecules
and
w
hich
then
trigger
canonicalW
nt
signalling
to
increase
gene
expression
[277,426].
–
–
–
N
om
enclature
M
RG
PRD
M
RG
PRE
M
RG
PRF
M
RG
PRG
H
G
N
C
,U
niProt
M
RG
PRD
,Q
8TD
S7
M
RG
PRE,Q
86SM
8
M
RG
PRF,Q
96AM
1
M
RG
PRG
,Q
86SM
5
Endogenous
agonists
β-alanine
[1797,1854]
–
–
–
C
om
m
ents
An
endogenous
peptide
w
ith
a
high
degree
ofsequence
sim
ilarity
to
angiotensin-(1-7)
(AG
T,P01019),alam
andine
(AG
T),w
as
show
n
to
prom
ote
N
O
release
in
M
RG
PRD
-transfected
cells.The
binding
ofalam
andine
to
M
RG
PRD
to
w
as
show
n
to
be
blocked
by
D
-Pro
7-angiotensin-(1-7),β-alanine
and
PD
123319
[1102].G
enetic
ablation
ofM
RG
PRD
+
neurons
ofadult
m
ice
decreased
behaviouralsensitivity
to
m
echanicalstim
ulibut
not
to
therm
al
stim
uli[292].See
review
s
[414]and
[1847].
See
review
s
[414]and
[1847].
M
RG
PRF
has
been
reported
to
respond
to
stim
ulation
by
angiotensin
m
etabolites
[620].
See
review
s
[414]and
[1847].
See
review
s
[414]and
[1847].
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N
om
enclature
M
RG
PRX1
M
RG
PRX2
M
RG
PRX3
M
RG
PRX4
O
PN
3
O
PN
4
O
PN
5
H
G
N
C
,U
niProt
M
RG
PRX1,Q
96LB2
M
RG
PRX2,Q
96LB1
M
RG
PRX3,
Q
96LB0
M
RG
PRX4,
Q
96LA9
O
PN
3,Q
9H
1Y3
O
PN
4,Q
9U
H
M
6
O
PN
5,Q
6U
736
Endogenous
agonists
bovine
adrenalm
edulla
peptide
8-22
(PEN
K,P01210)
[315,1144,1854]
PAM
P-20
(AD
M
,P35318)
[942]
–
–
–
–
–
Agonists
–
cortistatin-14
{M
ouse,Rat}
[942,
1667,1854]
–
–
–
–
–
Selective
agonists
–
PAM
P-12
(hum
an)
[942]
–
–
–
–
–
C
om
m
ents
Reported
to
m
ediate
the
sensation
of
itch
[1196,1808].Reports
that
bovine
adrenalm
edulla
peptide
8-22
(PEN
K,P01210)
w
as
the
m
ost
potent
ofa
series
ofproenkephalin
A-derived
peptides
as
an
agonist
ofM
RG
PRX
1
in
assays
ofcalcium
m
obilisation
and
radioligand
binding
[1144]w
ere
replicated
in
an
independent
study
using
an
arrestin
recruitm
ent
assay
[1854].See
review
s
[414]and
[1847].
A
diverse
range
ofsubstances
has
been
reported
to
be
agonists
of
M
RG
PRX
2,w
ith
cortistatin
14
the
highest
potency
agonist
in
assays
ofcalcium
m
obilisation
[1667],also
confirm
ed
in
an
independent
study
using
an
arrestin
recruitm
entassay
[1854].
See
review
s
[414]and
[1847].
–
See
review
s
[414]
and
[1847].
–
–
Evidence
indicates
O
PN
5
triggers
a
U
V-sensitive
G
i -m
ediated
signalling
pathw
ay
in
m
am
m
alian
tissues
[1028].
N
om
enclature
P2RY8
P2RY10
TAAR2
TAAR3
TAAR4P
H
G
N
C
,U
niProt
P2RY8,Q
86VZ1
P2RY10,O
00398
TAAR2,Q
9P1P5
TAAR3P,Q
9P1P4
TAAR4P,–
Potency
order
ofendogenous
ligands
–
–
β-phenylethylam
ine
>
tryptam
ine
[189]
–
–
Endogenous
agonists
–
sphingosine
1-phosphate
[1401],LPA
[1401]
–
–
–
C
om
m
ents
–
–
Probable
pseudogene
in
10–15%
ofAsians
due
to
a
polym
orphism
(rs8192646)
producing
a
prem
ature
stop
codon
at
am
ino
acid
168
[414].
TAAR3
is
thought
to
be
a
pseudogene
in
m
an
though
functionalin
rodents
[414].
Pseudogene
in
m
an
but
functionalin
rodents
[414].
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N
om
enclature
TAAR5
TAAR6
TAAR8
TAAR9
H
G
N
C
,U
niProt
TAAR5,O
14804
TAAR6,Q
96RI8
TAAR8,Q
969N
4
TAAR9,Q
96RI9
C
om
m
ents
Trim
ethylam
ine
is
reported
as
an
agonist
[2058]and
3-iodothyronam
ine
an
inverse
agonist
[450].
–
–
TAAR9
appears
to
be
functionalin
m
ost
individuals
but
has
a
polym
orphic
prem
ature
stop
codon
at
am
ino
acid
61
(rs2842899)
w
ith
an
allele
frequency
of10–30%
in
different
populations
[2023].
C
lass
C
O
rphans
G
protein
-coupled
receptors→
O
rph
an
an
d
oth
er
7TM
receptors→
C
lass
C
O
rph
an
s
N
om
enclature
G
PR156
G
PR158
G
PR179
G
PRC5A
G
PRC5B
G
PRC5C
G
PRC5D
G
PRC
6
receptor
H
G
N
C
,U
niProt
G
PR156,Q
8N
FN
8
G
PR158,Q
5T848
G
PR179,Q
6PRD
1
G
PRC5A,Q
8N
FJ5
G
PRC5B,Q
9N
ZH
0
G
PRC5C,Q
9N
Q
84
G
PRC5D
,Q
9N
ZD
1
G
PRC6A,Q
5T6X
5
C
om
m
ents
–
–
–
–
–
–
–
G
PRC
6
is
a
related
G
q -coupled
receptor
w
hich
responds
to
basic
am
ino
acids
[2090].
Taste
1
receptors
G
protein
-coupled
receptors→
O
rph
an
an
d
oth
er
7TM
receptors→
Taste
1
receptors
O
verview
:
W
h
ilst
th
e
taste
of
acid
an
d
salty
foods
appear
to
be
sen
sed
by
regulation
of
ion
ch
an
n
el
activity,
bitter,
sw
eet
an
d
um
am
i
tastes
are
sen
sed
by
specialised
G
PC
R
.
Tw
o
classes
of
taste
G
PC
R
h
ave
been
iden
tified,
T1R
an
d
T2R
,
w
h
ich
are
sim
ilar
in
sequen
ce
an
d
structure
to
C
lass
C
an
d
C
lass
A
G
PC
R
,
respectively.
A
ctivation
of
taste
receptors
appears
to
in
volve
gustducin
-
(G
α
t3)
an
d
G
α
14-m
ediated
sign
allin
g,
alth
ough
th
e
precise
m
ech
an
ism
s
rem
ain
obscure.
G
en
e
disruption
studies
suggest
th
e
in
volvem
en
t
of
PLC
β2
[2215],
TR
PM
5
[2215]
an
d
IP3
[802]
receptors
in
post-receptor
sign
allin
g
of
taste
recep-
tors.
A
lth
ough
predom
in
an
tly
associated
w
ith
th
e
oral
cav-
ity,
taste
receptors
are
also
located
elsew
h
ere,
in
cludin
g
furth
er
dow
n
th
e
gastroin
testin
al
system
,
in
th
e
lun
gs
an
d
in
th
e
brain
.
Sw
eet/U
m
am
i
T1R
3
actsasan
obligate
partn
erin
T1R
1/T1R
3
an
d
T1R
2/T1R
3
h
et-
erodim
ers,w
h
ich
sen
se
um
am
ior
sw
eet,respectively.
T1R
1/T1R
3
h
eterodim
ers
respon
d
to
L-glutam
ic
acid
an
d
m
ay
be
positively
al-
losterically
m
odulated
by
5’-n
ucleoside
m
on
oph
osph
ates,such
as
5’-G
M
P
[1162].
T1R
2/T1R
3
h
eterodim
ers
respon
d
to
sugars,such
as
sucrose,an
d
artificialsw
eeten
ers,such
as
sacch
arin
[1440].
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N
om
enclature
TAS1R1
TAS1R2
TAS1R3
H
G
N
C
,U
niProt
TAS1R1,Q
7RTX
1
TAS1R2,Q
8TE23
TAS1R3,Q
7RTX
0
Taste
2
receptors
G
protein
-coupled
receptors→
O
rph
an
an
d
oth
er
7TM
receptors→
Taste
2
receptors
O
verview
:
Th
e
com
position
an
d
stoich
iom
etry
of
bitter
taste
receptors
is
n
ot
yet
establish
ed.
Bitter
receptors
appear
to
separate
in
to
tw
o
groups,w
ith
very
restricted
ligan
d
specificity
or
m
uch
broader
respon
siven
ess.
For
exam
ple,T2R
5
respon
ded
to
cycloh
exim
ide,but
n
ot
10
oth
er
bitter
com
poun
ds
[302],w
h
ile
T2R
14
respon
ded
to
at
least
eigh
t
differen
t
bitter
tastan
ts,in
cludin
g
(-)-α
-th
ujon
e
an
d
picrotoxin
in
[124].
Specialist
database
BitterD
B
con
tain
s
addition
alin
form
ation
on
bitter
com
poun
ds
an
d
receptors
[2113].
N
om
enclature
TAS2R1
TAS2R3
TAS2R4
TAS2R5
TAS2R7
TAS2R8
TAS2R9
H
G
N
C
,U
niProt
TAS2R1,Q
9N
YW
7
TAS2R3,Q
9N
YW
6
TAS2R4,Q
9N
YW
5
TAS2R5,Q
9N
YW
4
TAS2R7,Q
9N
YW
3
TAS2R8,Q
9N
YW
2
TAS2R9,Q
9N
YW
1
N
om
enclature
TAS2R10
TAS2R13
TAS2R14
TAS2R16
TAS2R19
TAS2R20
TAS2R30
H
G
N
C
,U
niProt
TAS2R10,Q
9N
YW
0
TAS2R13,Q
9N
YV9
TAS2R14,Q
9N
YV8
TAS2R16,Q
9N
YV7
TAS2R19,P59542
TAS2R20,P59543
TAS2R30,P59541
N
om
enclature
TAS2R31
TAS2R38
TAS2R39
TAS2R40
H
G
N
C
,U
niProt
TAS2R31,P59538
TAS2R38,P59533
TAS2R39,P59534
TAS2R40,P59535
Antagonists
6-m
ethoxysakuranetin
(pIC
50
5.6)
[1000],G
IV3727
(pIC
50
5.1–5.2)
[1823]
–
–
–
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N
om
enclature
TAS2R41
TAS2R42
TAS2R43
TAS2R45
TAS2R46
TAS2R50
TAS2R60
H
G
N
C
,U
niProt
TAS2R41,P59536
TAS2R42,Q
7RTR8
TAS2R43,P59537
TAS2R45,P59539
TAS2R46,P59540
TAS2R50,P59544
TAS2R60,P59551
O
ther
7TM
proteins
G
protein
-coupled
receptors→
O
rph
an
an
d
oth
er
7TM
receptors→
O
th
er
7TM
protein
s
N
om
enclature
G
PR107
G
PR137
O
R51E1
TPRA1
G
PR143
G
PR157
H
G
N
C
,U
niProt
G
PR107,Q
5VW
38
G
PR137,Q
96N
19
O
R51E1,Q
8TC
B6
TPRA1,Q
86W
33
G
PR143,P51810
G
PR157,Q
5U
AW
9
Endogenous
agonists
–
–
–
–
levodopa
[1207]
–
C
om
m
ents
G
PR107
is
a
m
em
ber
ofthe
LU
STR
fam
ily
ofproteins
found
in
both
plants
and
anim
als,having
sim
ilar
topology
to
G
protein-coupled
receptors
[489]
–
O
R51E1
is
a
putative
olfactory
receptor.
TPRA1
show
s
no
hom
ology
to
know
n
G
protein-coupled
receptors.
Loss-of-function
m
utations
underlie
ocular
albinism
type
1
[109].
G
PR157
has
am
biguous
sequence
sim
ilarities
to
severaldifferent
G
PC
R
fam
ilies
(class
A,class
B
and
the
slim
e
m
ould
cyclic
AM
P
receptor).Because
of
its
distant
relationship
to
other
G
PC
Rs,it
cannot
be
readily
classified.
Fu
rth
er
read
in
g
o
n
O
rp
h
an
an
d
o
th
er
7T
M
recep
to
rs
D
aven
port
A
P
et
al.
(2013)
In
tern
ation
alU
n
ion
of
Basic
an
d
C
lin
icalPh
arm
acology.
LX
X
X
V
III.G
protein
-coupled
receptor
list:
recom
m
en
dation
s
for
n
ew
pairin
gs
w
ith
cogn
ate
ligan
ds.
Phar-
m
acolRev
65
:967-86
[PM
ID
:23686350]
G
ilissen
J
et
al.
(2016)
In
sigh
t
in
to
SU
C
N
R
1
(G
PR
91)
structure
an
d
fun
ction
.
Pharm
acology
&
T
her-
apeutics
159
:56-65
[PM
ID
:25118328]
In
selPA
etal.(2015)G
Protein
-C
oupled
R
eceptor(G
PC
R
)Expression
in
N
ative
C
ells:"N
ovel"en
doG
-
PC
R
s
as
Ph
ysiologic
R
egulators
an
d
Th
erapeutic
Targets.
M
olecular
Pharm
acology
88
:
181-187
[PM
:25737495]
K
h
an
M
Z
etal.(2017)N
euro-psych
oph
arm
acologicalperspective
ofO
rph
an
receptors
ofR
h
odopsin
(class
A
)
fam
ily
of
G
protein
-coupled
receptors.
Psychopharm
acology
(Berl)
234
:
1181-1207
[PM
ID
:28289782]
M
acken
zie
A
E
et
al.
(2017)
Th
e
em
ergin
g
ph
arm
acology
an
d
fun
ction
of
G
PR
35
in
th
e
n
ervous
system
.N
europharm
acology
113
:661-671
[PM
ID
:26232640]
N
go
T
et
al.
(2016)
Iden
tifyin
g
ligan
ds
at
orph
an
G
PC
R
s:
curren
t
status
usin
g
structure-based
ap-
proach
es.Br
JPharm
acol173
:2934-2951
[PM
ID
:26837045]
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5-H
ydroxytryptam
ine
receptors
G
protein
-coupled
receptors→
5-H
ydroxytryptam
in
e
receptors
O
verview
:
5-H
T
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
5-H
T
recep
to
rs
[828]
an
d
su
b
seq
u
en
tly
revised
[742])
are,
w
ith
th
e
exception
of
th
e
ion
otropic
5-H
T
3
class,
G
PC
R
s
w
h
ere
th
e
en
dogen
ous
agon
ist
is
5-h
ydroxytryptam
in
e.
Th
e
diversity
of
m
etabotropic
5-H
T
recep-
tors
is
in
creased
by
altern
ative
splicin
g
th
at
produces
isoform
s
of
th
e
5-H
T
2A
(n
on
-fun
ction
al),5-H
T
2C
(n
on
-fun
ction
al),5-H
T
4 ,5-
H
T
6
(n
on
-fun
ction
al)
an
d
5-H
T
7
receptors.
U
n
ique
am
on
gst
th
e
G
PC
R
s,R
N
A
editin
g
produces
5-H
T
2C
receptor
isoform
s
th
at
dif-
fer
in
fun
ction
,
such
as
efficien
cy
an
d
specificity
of
couplin
g
to
G
q/11
an
d
also
ph
arm
acology
[167,
2098].
M
ost
5-H
T
receptors
(except5-h
t1e
an
d
5-h
t5b )play
specific
roles
m
ediatin
g
fun
ction
al
respon
ses
in
differen
t
tissues
(review
ed
by
[1625,2037]).
N
om
enclature
5-H
T
1A
receptor
5-H
T
1B
receptor
H
G
N
C
,U
niProt
H
TR1A,P08908
H
TR1B,P28222
Agonists
U
92016A
[1302],vilazodone
(Partialagonist)
[421],vortioxetine
(Partialagonist)
[96]
L-694,247
[671],naratriptan
(Partialagonist)
[1425],eletriptan
[1425],frovatriptan
[2158],
zolm
itriptan
(Partialagonist)
[1425],vortioxetine
(Partialagonist)
[96],rizatriptan
(Partial
agonist)
[1425]
Selective
agonists
8-O
H
-D
PAT
[431,720,939,1143,1338,1451,1453,1454],N
LX
-101
[1452]
C
P94253
[1022]
Antagonists
(S)-U
H
301
(pK
i 7.9)
[1451]
–
Selective
antagonists
W
AY-100635
(pK
i 7.9–9.2)
[1451,1453],robalzotan
(pK
i 9.2)
[915]
SB
224289
(Inverse
agonist)
(pK
i 8.2–8.6)
[614,1449,1768],SB236057
(Inverse
agonist)
(pK
i 8.2)
[1331],G
R-55562
(pK
B
7.4)
[830]
Labelled
ligands
[ 3H
]robalzotan
(Antagonist)
(pK
d
9.8)
[904],[ 3H
]W
AY100635
(Antagonist)
(pK
d
9.5)
[978],[ 3H
]8-O
H
-D
PAT
(Agonist)
[160,939,1450,1453],[ 3H
]N
LX
-112
(Agonist)
[785],[ 11C
]W
AY100635
(Antagonist)
[1991],p-[ 18F]M
PPF
(Antagonist)
[382]
[ 3H
]N
-m
ethyl-AZ10419369
(Agonist,Partialagonist)
[1245],[ 3H
]G
R
125,743
(Selective
Antagonist)
(pK
d
8.6–9.2)
[671,2150],[ 3H
]alniditan
(Agonist)
[1150],[ 125I]G
TI(Agonist)
[197,237]–
Rat,[ 3H
]eletriptan
(Agonist,Partialagonist)
[1425],[ 3H
]sum
atriptan
(Agonist,
Partialagonist)
[1425],[ 11C
]AZ10419369
(Agonist,Partialagonist)
[2029]
N
om
enclature
5-H
T
1D
receptor
5-ht1e
receptor
5-H
T
1F
receptor
H
G
N
C
,U
niProt
H
TR1D
,P28221
H
TR1E,P28566
H
TR1F,P30939
Agonists
dihydroergotam
ine
[719,1150,1157],ergotam
ine
[648],L-694,247
[2140],
naratriptan
[457,1425,1651],zolm
itriptan
[1425],frovatriptan
[2158],rizatriptan
[1425]
BRL-54443
[232]
BRL-54443
[232],eletriptan
[1425],sum
atriptan
[12,13,
1425,2052]
Selective
agonists
PN
U
109291
[511]–
G
orilla,eletriptan
[1425]
–
lasm
iditan
[1439],LY334370
[2052],5-BO
D
M
T
[1014],
LY344864
[1572]
Selective
antagonists
SB
714786
(pK
i 9.1)
[2074]
–
–
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(continued)
N
om
enclature
5-H
T
1D
receptor
5-ht1e
receptor
5-H
T
1F
receptor
Labelled
ligands
[ 3H
]eletriptan
(Agonist)
[1425],[ 3H
]alniditan
(Agonist)
[1150],[ 125I]G
TI(Selective
Agonist)
[197,237]–
Rat,[ 3H
]G
R
125,743
(Selective
Antagonist)
(pK
d
8.6)
[2150],
[ 3H
]sum
atriptan
(Agonist)
[1425]
[ 3H
]5-H
T
(Agonist)
[1299,1532]
[ 3H
]LY334370
(Agonist)
[2052],[ 125I]LSD
(Agonist)
[45]–
M
ouse
N
om
enclature
5-H
T
2A
receptor
5-H
T
2B
receptor
H
G
N
C
,U
niProt
H
TR2A,P28223
H
TR2B,P41595
Agonists
D
O
I[210,1438,1825]
m
ethysergide
(Partialagonist)
[1018,1679,2053],D
O
I
[1077,1438,1730]
Selective
agonists
–
BW
723C
86
[115,1018,1730],Ro
60-0175
[1018]
Antagonists
risperidone
(Inverse
agonist)
(pK
i 9.3–10)
[1032,1055,1746],m
ianserin
(pK
i 7.7–9.6)
[1018,1045,1338],ziprasidone
(pK
i 8.8–9.5)
[1032,1055,1746,1782],volinanserin
(pIC
50
6.5–9.3)
[1018,1208,1640],blonanserin
(pK
i 9.1)
[1487],clozapine
(Inverse
agonist)
(pK
i 7.6–9)
[1018,1055,1335,1746,2022]
m
ianserin
(pK
i 7.9–8.8)
[184,1018,2053]
Selective
antagonists
ketanserin
(pK
i 8.1–9.7)
[241,1018,1630],pim
avanserin
(Inverse
agonist)
(pK
i 9.3)
[603,2022]
BF-1
(pK
i 10.1)
[1742],RS-127445
(pK
i 9–9.5)
[184,
1018],EG
IS-7625
(pK
i 9)
[1045]
Labelled
ligands
[ 3H
]fananserin
(Antagonist)
(pK
d
9.9)
[1251]–
Rat,[ 3H
]ketanserin
(Antagonist)
(pK
d
8.6–9.7)
[1018,1630],
[ 11C
]volinanserin
(Antagonist)
[712],[ 18F]altanserin
(Antagonist)
[1675]
[ 3H
]LSD
(Agonist)
[1630],[ 3H
]5-H
T
(Agonist)
[2051]–
Rat,
[ 3H
]m
esulergine
(Antagonist,Inverse
agonist)
(pK
d
7.9)
[1018],[ 125I]D
O
I(Agonist)
N
om
enclature
5-H
T
2C
receptor
5-H
T
4
receptor
H
G
N
C
,U
niProt
H
TR2C,P28335
H
TR4,Q
13639
Agonists
D
O
I[493,1438,1730],Ro
60-0175
[999,1018]
cisapride
(Partialagonist)
[80,132,631,1326,1327,2013]
Selective
agonists
W
AY-163909
[482],lorcaserin
[1955]
TD
-8954
[1312],M
L
10302
(Partialagonist)
[140,164,1326,1327,1328],
RS67506
[765]–
Rat,relenopride
(Partialagonist)
[641],velusetrag
[1205,1832],
BIM
U
8
[362]
Antagonists
m
ianserin
(Inverse
agonist)
(pK
i 8.3–9.2)
[551,1018,1338],m
ethysergide
(pK
i 8.6–9.1)
[493,
1018],ziprasidone
(Inverse
agonist)
(pK
i 7.9–9)
[779,1055,1782],olanzapine
(Inverse
agonist)
(pK
i 8.1–8.4)
[779,1055,1782],loxapine
(Inverse
agonist)
(pK
i 7.8–8)
[779,1055]
–
Selective
antagonists
FR260010
(pK
i 9)
[735],SB
242084
(pK
i 8.2–9)
[974,1018],RS-102221
(pK
i 8.3–8.4)
[185,
1018]
RS
100235
(pK
i 8.7–12.2)
[362,1663],SB
204070
(pK
i 9.8–10.4)
[132,1326,
1327,2013],G
R
113808
(pK
i 9.3–10.3)
[80,132,164,362,1327,1663,2013]
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N
om
enclature
5-H
T
2C
receptor
5-H
T
4
receptor
Labelled
ligands
[ 3H
]m
esulergine
(Antagonist,Inverse
agonist)
(pK
d
8.7–9.3)
[551,1630],[ 125I]D
O
I(Agonist)
[551],[ 3H
]LSD
(Agonist)
[ 3H
]G
R
113808
(Antagonist)
(pK
d
9.7–10.3)
[80,132,1328,2013],
[ 123I]SB
207710
(Antagonist)
(pK
d
10.1)
[233]–
Pig,[ 3H
]RS
57639
(Selective
Antagonist)
(pK
d
9.7)
[183]–
G
uinea
pig,[ 11C
]SB207145
(Antagonist)
(pK
d
8.6)
[1233]
N
om
enclature
5-H
T
5A
receptor
5-ht5b
receptor
5-H
T
6
receptor
5-H
T
7
receptor
H
G
N
C
,U
niProt
H
TR5A,P47898
H
TR5BP,–
H
TR6,P50406
H
TR7,P34969
Selective
agonists
–
–
W
AY-181187
[1734],E6801
(Partialagonist)
[808],W
AY-208466
[139],EM
D
-386088
[1291]
LP-12
[1148],LP-44
[1148],LP-211
[1149]–
Rat,AS-19
[993],E55888
[212]
Antagonists
–
–
–
lurasidone
(pK
i 9.3)
[868],pim
ozide
(pK
i 9.3)
[1678]–
Rat,vortioxetine
(pK
i 6.3)
[96]
Selective
antagonists
SB
699551
(pK
i 8.2)
[380]
–
SB399885
(pK
i 9)
[801],SB
271046
(pK
i 8.9)
[229],cerlapirdine
(pK
i 8.9)
[371],SB357134
(pK
i 8.5)
[230],Ro
63-0563
(pK
i
7.9–8.4)
[170,1824]
SB269970
(pK
i 8.6–8.9)
[1949],SB656104
(pK
i 8.7)
[558],D
R-4004
(pK
i 8.7)
[647,985],
JN
J-18038683
(pK
i 8.2)
[181],SB
258719
(Inverse
agonist)
(pK
i 7.5)
[1950]
Labelled
ligands
[ 125I]LSD
(Agonist)[670],
[ 3H
]5-C
T
(Agonist)
[670]
[ 125I]LSD
(Agonist)
[1290]–
M
ouse,[ 3H
]5-C
T
(Agonist)
[2049]–
M
ouse
[ 11C
]G
SK215083
(Antagonist)
(pK
i 9.8)
[1531],[ 125I]SB258585
(Selective
Antagonist)
(pK
d
9)
[801],[ 3H
]LSD
(Agonist)
[169],
[ 3H
]Ro
63-0563
(Antagonist)
(pK
d
8.3)
[170],[ 3H
]5-C
T
(Agonist)
[ 3H
]5-C
T
(Agonist)
[1949],[ 3H
]5-H
T
(Agonist)
[99,1864],[ 3H
]SB269970
(Selective
Antagonist)
(pK
d
8.9)
[1949],[ 3H
]LSD
(Agonist)
[1864]
C
o
m
m
en
ts:
Tabulated
pK
i an
d
K
D
values
refer
to
bin
din
g
to
h
u-
m
an
5-H
T
receptors
un
less
in
dicated
oth
erw
ise.
Th
e
n
om
en
cla-
ture
of
5-H
T
1B /5-H
T
1D
receptors
h
as
been
revised
[742].
O
n
ly
th
e
n
on
-roden
t
form
of
th
e
receptor
w
as
previously
called
5-
H
T
1D
:
th
e
h
um
an
5-H
T
1B
receptor
(tabulated)
displays
a
differ-
en
t
ph
arm
acology
to
th
e
roden
t
form
s
of
th
e
receptor
due
to
Th
r335
of
th
e
h
um
an
sequen
ce
bein
g
replaced
by
A
sn
in
roden
t
receptors.
W
an
g
et
al.
(2013)
report
X
-ray
structures
w
h
ich
re-
vealth
e
bin
din
g
m
odality
of
ergotam
in
e
an
d
dih
ydroergotam
in
e
to
th
e
5-H
T
1B
receptor
in
com
parison
w
ith
th
e
structure
of
th
e
5-H
T
2B
receptor
[2064].
N
A
S181
is
a
selective
an
tagon
ist
of
th
e
roden
t5-H
T
1B
receptor.Fan
an
serin
an
d
ketan
serin
bin
d
w
ith
h
igh
affin
ity
to
dopam
in
e
D
4
an
d
h
istam
in
e
H
1
receptors
respectively,
an
d
ketan
serin
isa
poten
tα
1
adren
oceptoran
tagon
ist,in
addition
to
blockin
g
5-H
T
2A
receptors.Lysergic
acid
(LSD
)an
d
ergotam
in
e
sh
ow
a
stron
g
preferen
ce
for
arrestin
recruitm
en
t
over
G
protein
couplin
g
at
th
e
5-H
T
2B
receptor,w
ith
n
o
such
preferen
ce
eviden
t
at
5-H
T
1B
receptors,
an
d
th
ey
also
an
tagon
ise
5-H
T
7A
receptors
[2047].
D
H
E
(dih
ydroergocryptin
e),
pergolide
an
d
cabergolin
e
also
sh
ow
sign
ifican
t
preferen
ce
for
arrestin
recruitm
en
t
over
G
protein
couplin
g
at
5-H
T
2B
receptors
[2047].
Th
e
seroton
in
an
tagon
ist
m
esulergin
e
w
as
key
to
th
e
discovery
of
th
e
5-H
T
2C
receptor
[1546].
Th
e
h
um
an
5-H
T
5A
receptor
h
as
been
claim
ed
to
couple
to
several
sign
al
tran
sduction
path
w
ays
w
h
en
stably
expressed
in
C
6
gliom
a
cells
[1472]
an
d
electroph
ysiological
recordin
gs
from
m
ice
an
d
rat
prefron
tal
cortex
(layer
V
pyram
i-
dal
n
euron
s)
dem
on
strate
5-H
T-elicited
outw
ard
curren
ts
m
edi-
ated
via
th
e
5-H
T
5A
receptor
[660].Th
e
h
um
an
orth
ologue
of
th
e
m
ouse
5-h
t5b
receptorisn
on
-fun
ction
aldue
to
in
terruption
ofth
e
gen
e
by
stop
codon
s.Th
e
5-h
t1e
receptorappearsn
otto
h
ave
been
clon
ed
from
m
ouse,or
rat,im
pedin
g
defin
ition
ofits
fun
ction
.In
addition
to
th
e
receptors
listed
in
th
e
table,an
’orph
an
’receptor,
un
officially
term
ed
5-H
T
1P ,h
as
been
described
[635]..
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Fu
rth
er
read
in
g
o
n
5-H
yd
ro
x
ytryp
tam
in
e
recep
to
rs
BockaertJetal.(2011)5-H
T(4)receptors,a
place
in
th
e
sun
:acttw
o.
C
urrO
pin
Pharm
acol11
:87-93
[PM
ID
:21342787]
H
ayes
D
J
etal.(2011)
5-H
T
receptors
an
d
rew
ard-related
beh
aviour:a
review
.N
eurosciBiobehav
Rev
35
:1419-49
[PM
ID
:21402098]
H
oyer
D
et
al.
(1994)
In
tern
ation
al
U
n
ion
of
Ph
arm
acology
classification
of
receptors
for
5-h
ydroxytryptam
in
e
(Seroton
in
).
Pharm
acol.Rev.46
:157-203
[PM
ID
:7938165]
Leopoldo
M
et
al.
(2011)
Seroton
in
5-H
T7
receptor
agen
ts:
Structure-activity
relation
sh
ips
an
d
po-
ten
tial
th
erapeutic
application
s
in
cen
tral
n
ervous
system
disorders.
Pharm
acol.
T
her.
129
:
120-48
[PM
ID
:20923682]
M
eltzerH
Y
etal.(2011)Th
e
role
ofseroton
in
receptors
in
th
e
action
ofatypicalan
tipsych
otic
drugs.
C
urr
O
pin
Pharm
acol11
:59-67
[PM
ID
:21420906]
R
oberts
A
J
et
al.
(2012)
Th
e
5-H
T(7)
receptor
in
learn
in
g
an
d
m
em
ory.
H
ippocam
pus
22
:
762-71
[PM
ID
:21484935]
Acetylcholine
receptors
(m
uscarinic)
G
protein
-coupled
receptors→
A
cetylch
olin
e
receptors
(m
uscarin
ic)
O
verview
:
M
uscarin
ic
acetylch
olin
e
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
M
u
s-
carin
ic
A
cetylch
o
lin
e
R
ecep
to
rs
[288])
are
G
PC
R
s
of
th
e
C
lass
A
,
rh
odopsin
-like
fam
ily
w
h
ere
th
e
en
dogen
ous
agon
ist
is
acetylch
olin
e.
In
addition
to
th
e
agen
ts
listed
in
th
e
ta-
ble,
A
C
-42,
its
structural
an
alogues
A
C
-260584
an
d
77-LH
-28-1,
N
-desm
eth
ylclozapin
e,TBPB
an
d
LuA
E51090
h
ave
been
described
as
fun
ction
ally
selective
agon
ists
of
th
e
M
1
receptor
subtype
via
bin
din
g
in
a
m
ode
distin
ct
from
th
at
utilized
by
n
on
-selective
ag-
on
ists
[74,921,1096,1097,1294,1708,1857,1858,1898].Th
ere
are
tw
o
ph
arm
acologically
ch
aracterised
allosteric
sites
on
m
us-
carin
ic
receptors,on
e
defin
ed
by
it
bin
din
g
gallam
in
e,strych
n
in
e
an
d
brucin
e,
an
d
th
e
oth
er
defin
ed
by
th
e
bin
din
g
of
K
T
5720,
W
IN
62,577,W
IN
51,708
an
d
staurosporin
e
[1110,1111].
N
om
enclature
M
1
receptor
M
2
receptor
H
G
N
C
,U
niProt
CH
RM
1,P11229
CH
RM
2,P08172
Agonists
carbachol[350,888,2129],pilocarpine
(Partialagonist)
[888],bethanechol[888]
bethanechol[888]
Antagonists
glycopyrrolate
(pIC
50
9.9)
[1874],um
eclidinium
(pK
i 9.8)
[1090,1705],AE9C
90C
B
(pK
i
9.7)
[1818],propantheline
(pK
i 9.7)
[837],atropine
(pK
i 8.5–9.6)
[350,582,797,837,
1555,1831],tiotropium
(pK
i 9.6)
[452],4-D
AM
P
(pK
i 9.2)
[486]
tiotropium
(pK
i 9.9)
[452],um
eclidinium
(pK
i 9.8)
[1090,1705],propantheline
(pK
i 9.5)
[837],glycopyrrolate
(Fullagonist)
(pIC
50
9.3)
[1874],atropine
(pK
i 7.8–9.2)
[245,325,
797,837,1046,1437,1555],AE9C
90C
B
(pK
i 8.6)
[1818],tolterodine
(Inverse
agonist)
(pK
i 8.4–8.6)
[642,1437,1818]
Selective
antagonists
biperiden
(pK
d
9.3)[175],VU
0255035
(pK
i 7.8)[1786],guanylpirenzepine
(pK
i 7.3–7.6)
[23,2050]–
Rat
tripitram
ine
(pK
i 9.6)
[1240]
Allosteric
m
odulators
m
uscarinic
toxin
7
(N
egative)
(pK
i 11–11.1)
[1480],benzoquinazolinone
12
(Positive)
(pK
B
6.6)
[4],KT
5720
(Positive)
(pK
d
6.4)
[1110],brucine
(Positive)
(pK
d
4.5–5.8)
[888,
1109],BQ
C
A
(Positive)
(pK
B
4–4.8)
[4,5,271,1225],VU
0029767
(Positive)
[1270],
VU
0090157
(Positive)
[1270]
W
-84
(N
egative)
(pK
d
6–7.5)
[1353,1983],C
7 /3-phth
(N
egative)
(pK
d
7.1)
[351],
alcuronium
(N
egative)
(pK
d
6.1–6.9)
[888,1983],gallam
ine
(N
egative)
(pK
d
5.9–6.3)
[363,1107],LY2119620
(Positive)
(pK
d
5.7)
[399,1057],LY2033298
(Positive)
(pK
d
4.4)
[2009]
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N
om
enclature
M
1
receptor
M
2
receptor
Labelled
ligands
[ 3H
]Q
N
B
(Antagonist)
(pK
d
10.6–10.8)
[352,1555],C
y3B-telenzepine
(Antagonist)
(pK
d
10.5)
[777],[ 3H
]N
-m
ethylscopolam
ine
(Antagonist)
(pK
d
9.4–10.3)
[294,350,352,
797,888,889,918,977,1107],[ 3H
](+)telenzepine
(Antagonist)
(pK
i 9.4)
[526]–
Rat,
Alexa-488-telenzepine
(Antagonist)
(pK
d
9.3)
[777],[ 3H
]pirenzepine
(Antagonist)
(pK
d
7.9)
[2083],BO
D
IPY-pirenzepine
(Antagonist)
(pK
i 7)
[860],[ 11C
]butylthio-TZTP
(Agonist)
[530],[ 11C
]xanom
eline
(Agonist)
[530],
[ 18F](R,R)-quinuclidinyl-4-fluorom
ethyl-benzilate
(Antagonist)
[982]–
Rat
[ 3H
]Q
N
B
(Antagonist)
(pK
d
10.1–10.6)
[1555],C
y3B-telenzepine
(Antagonist)
(pK
i 10.4)
[1444],[ 3H
]tiotropium
(Antagonist)
(pK
d
10.3)
[1705],[ 3H
]N
-m
ethylscopolam
ine
(Antagonist)
(pK
d
9.3–9.9)
[294,325,797,888,889,918,977,1107,2072],
Alexa-488-telenzepine
(Antagonist)
(pK
i 8.8)
[1444],[ 3H
]acetylcholine
(Agonist)
[1108],
[ 3H
]oxotrem
orine-M
(Agonist)
[141],[ 3H
]dim
ethyl-W
84
(Allosteric
m
odulator,Positive)
(pK
d
8.5)
[1983],[ 18F]FP-TZTP
(Agonist)
[887]–
M
ouse
N
om
enclature
M
3
receptor
M
4
receptor
M
5
receptor
H
G
N
C
,U
niProt
CH
RM
3,P20309
CH
RM
4,P08173
CH
RM
5,P08912
Agonists
pilocarpine
(Partialagonist)
[888],carbachol[325,888,
2129],bethanechol[888]
pilocarpine
(Partialagonist)
[888],carbachol[888,
2129],bethanechol[888]
pilocarpine
(Partialagonist)
[673],carbachol[2129]
Antagonists
tiotropium
(pK
i 9.5–11.1)
[452,469],um
eclidinium
(pK
i 10.2)
[1090,1705],propantheline
(pK
i 10)
[837],
AE9C
90C
B
(pK
i 9.9)
[1818],atropine
(pK
i 8.9–9.8)
[245,469,797,837,1555,1831],ipratropium
(pK
i
9.3–9.8)
[469,797],aclidinium
(pIC
50
9.8)
[1601]
um
eclidinium
(pK
i 10.3)
[1705],glycopyrrolate
(pIC
50
9.8)
[1874],AE9C
90C
B
(pK
i 9.5)
[1818],4-D
AM
P
(pK
i
8.9)
[486],oxybutynin
(pK
i 8.7)
[1818],biperiden
(pK
d
8.6)
[175],U
H
-AH
37
(pK
i 8.3–8.4)
[642,2099]
um
eclidinium
(pK
i 9.9)
[1705],glycopyrrolate
(pIC
50
9.7)
[1874],AE9C
90C
B
(pK
i 9.5)
[1818],4-D
AM
P
(pK
i
9)
[486],tolterodine
(pK
i 8.5–8.8)
[642,1818],
darifenacin
(pK
i 7.9–8.6)
[642,764,797,1818]
Selective
antagonists
–
–
M
L381
(pK
i 6.3)
[625]
Allosteric
m
odulators
W
IN
62,577
(Positive)
(pK
d
5.1)
[1111],
N
-chlorom
ethyl-brucine
(Positive)
(pK
d
3.3)
[1109]
m
uscarinic
toxin
3
(N
egative)
(pK
i 8.7)
[918,1512],
VU
0152100
(Positive)
(pEC
50
6.4)
[207]–
Rat,
VU
0152099
(Positive)
(pEC
50
6.4)
[207]–
Rat,
LY2119620
(Positive)
(pK
d
5.7)
[399],thiochrom
e
(Positive)
(pK
d
4)
[1108],LY2033298
(Positive)
[301]
M
L380
(Positive)
(pEC
50
6.7)
[627]
Selective
allosteric
m
odulators
–
–
M
L375
(N
egative)
(pIC
50
6.5)
[626]
Labelled
ligands
[ 3H
]tiotropium
(Antagonist)
(pK
d
10.7)
[1705],
[ 3H
]Q
N
B
(Antagonist)
(pK
d
10.4)
[1555],
[ 3H
]N
-m
ethylscopolam
ine
(Antagonist)
(pK
d
9.7–10.2)
[294,325,797,837,888,918,977,1107],
[ 3H
]darifenacin
(Antagonist)
(pK
d
9.5)
[1831]
[ 3H
]Q
N
B
(Antagonist)
(pK
d
9.7–10.5)
[352,1555],
[ 3H
]N
-m
ethylscopolam
ine
(Antagonist)
(pK
d
9.9–10.2)
[294,325,352,797,888,918,977,1107,
1512,2072],[ 3H
]acetylcholine
(Agonist)
[1108]
[ 3H
]Q
N
B
(Antagonist)
(pK
d
10.2–10.7),
[ 3H
]N
-m
ethylscopolam
ine
(Antagonist)
(pK
d
9.3–9.7)
[294,325,797,918,977,2072]
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C
o
m
m
en
ts:
LY
2033298
an
d
BQ
C
A
h
ave
also
been
sh
ow
n
to
directly
activate
th
e
M
4
an
d
M
1
receptors,
respectively,
via
an
allosteric
site
[1119,
1121,
1427,
1428].
Th
e
allosteric
site
for
gallam
in
e
an
d
strych
n
in
e
on
M
2
receptors
can
be
labelled
by
[ 3H
]dim
eth
yl-W
84
[1983].
M
cN
-A
-343
is
a
fun
ction
ally
selective
partialagon
istth
atappearsto
in
teractin
a
bitopic
m
ode
w
ith
both
th
e
orth
osteric
an
d
an
allosteric
site
on
th
e
M
2
m
uscarin
ic
recep-
tor
[2010].
TH
R
X
160209,h
ybrid
1
an
d
h
ybrid
2,are
m
ultivalen
t
(bitopic)
ligan
ds
th
at
also
ach
ieve
selectivity
for
M
2
receptors
by
bin
din
g
both
to
th
e
orth
osteric
an
d
a
n
earby
allosteric
site
[55,
1866].
A
lth
ough
n
um
erous
ligan
ds
for
m
uscarin
ic
acetylch
olin
e
recep-
tors
h
ave
been
described,relatively
few
selective
an
tagon
ists
h
ave
been
described,so
it
is
com
m
on
to
assess
th
e
ran
k
order
of
affin
-
ity
ofa
n
um
ber
ofan
tagon
ists
oflim
ited
selectivity
(e.g.4-D
A
M
P,
darifen
acin
,piren
zepin
e)
in
order
to
iden
tify
th
e
in
volvem
en
t
of
particular
subtypes.
It
sh
ould
be
n
oted
th
at
th
e
m
easured
affin
i-
ties
of
an
tagon
ists
(an
d
agon
ists)
in
radioligan
d
bin
din
g
studies
are
sen
sitive
to
ion
ic
stren
gth
an
d
can
in
crease
over
10-fold
at
low
ion
ic
stren
gth
com
pared
to
th
eir
values
at
ph
ysiologicalion
ic
stren
gth
s
[155].
Fu
rth
er
read
in
g
o
n
A
cetylch
o
lin
e
recep
to
rs
(m
u
scarin
ic)
C
aulfield
M
P
etal.(1998)
In
tern
ation
alU
n
ion
ofPh
arm
acology.X
V
II.C
lassification
ofm
uscarin
ic
acetylch
olin
e
receptors.Pharm
acol.Rev.50
:279-290
[PM
ID
:9647869]
Eglen
R
M
.
(2012)
O
verview
of
m
uscarin
ic
receptor
subtypes.
H
andb
Exp
Pharm
acol
3-28
[PM
ID
:22222692]
G
regory
K
J
et
al.
(2007)
A
llosteric
m
odulation
of
m
uscarin
ic
acetylch
olin
e
receptors.
C
urr
N
eu-
ropharm
acol5
:157-67
[PM
ID
:19305798]
K
ruse
A
C
et
al.
(2014)
M
uscarin
ic
acetylch
olin
e
receptors:
n
ovel
opportun
ities
for
drug
develop-
m
en
t.N
atRev
D
rug
D
iscov
13
:549-60
[PM
ID
:24903776]
Leach
K
et
al.
(2012)
Structure-fun
ction
studies
of
m
uscarin
ic
acetylch
olin
e
receptors.
H
andb
Exp
Pharm
acol29-48
[PM
ID
:22222693]
V
alan
t
C
et
al.
(2012)
Th
e
best
of
both
w
orlds?
Bitopic
orth
osteric/allosteric
ligan
ds
of
g
protein
-
coupled
receptors.
A
nnu.Rev.Pharm
acol.Toxicol.52
:153-78
[PM
ID
:21910627]
Adenosine
receptors
G
protein
-coupled
receptors→
A
den
osin
e
receptors
O
verview
:
A
den
osin
e
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
A
d
en
o
sin
e
R
ecep
to
rs
[569])
are
activated
by
th
e
en
dogen
ous
ligan
d
aden
osin
e
(poten
tially
in
osin
e
also
atA
3
receptors).C
rystalstructures
forth
e
an
tagon
ist-boun
d
[374,876,1198,1765],agon
ist-boun
d
[1126,1127,2154]an
d
G
protein
-boun
d
A
2A
aden
osin
e
receptors
[278]h
ave
been
described.
N
om
enclature
A
1
receptor
A
2A
receptor
A
2B
receptor
A
3
receptor
H
G
N
C
,U
niProt
AD
O
RA1,P30542
AD
O
RA2A,P29274
AD
O
RA2B,P29275
AD
O
RA3,P0D
M
S8
Sub/fam
ily-selective
agonists
N
EC
A
[602,913,1665,1980,2166]
N
EC
A
[193,451,602,990,1071,
2166]
N
EC
A
[148,193,905,1179,1870,
2024,2166]
N
EC
A
[193,602,883,1707,2025,
2166]
Selective
agonists
cyclopentyladenosine
[404,428,602,771,
880,913,1665],5-C
l-5-deoxy-(±
)-EN
BA
[565],TC
PA
[150],C
C
PA
[880,1485]
apadenoson
[1548],U
K-432,097
[2154],com
pound
4g
[374],
C
G
S
21680
[193,451,602,880,990,
1016,1071,1485],regadenoson
[880]
BAY
60-6583
[488]
piclidenoson
[537,592,1016,2025],
C
l-IB-M
EC
A
[208,883,987],M
RS5698
[1977]
Sub/fam
ily-selective
antagonists
C
G
S
15943
(pK
i 8.5)
[1513],
xanthine
am
ine
congener
(pK
d
7.5)
[565]
C
G
S
15943
(pK
i 7.7–9.4)
[451,990,
1016,1513],
xanthine
am
ine
congener
(pK
i 8.4–9)
[451,1016]
xanthine
am
ine
congener
(pK
i 6.9–8.8)
[148,905,906,1016,1179,1870],
C
G
S
15943
(pK
i 6–8.1)
[68,905,906,
1016,1513,1870]
C
G
S
15943
(pK
i 7–7.9)
[995,1016,
1513,2025],xanthine
am
ine
congener
(pK
i 7–7.4)
[1016,1707,2025]
Searchable
database:http://w
w
w.guidetopharm
acology.org/index.jsp
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(continued)
N
om
enclature
A
1
receptor
A
2A
receptor
A
2B
receptor
A
3
receptor
Selective
antagonists
PSB36
(pK
i 9.9)
[6]–
Rat,D
PC
PX
(pK
i
7.4–9.2)
[428,865,1485,1665,2102],
derenofylline
(pK
i 9)[939],W
RC
-0571
(pK
i
8.8)
[1272],D
U
172
(pK
i 7.4)
[649]
SC
H
442416
(pK
i 8.4–10.3)
[1796,
1969],ZM
-241385
(pK
i 8.8–9.1)
[1513]
PSB-0788
(pK
i 9.4)
[192],PSB603
(pK
i
9.3)
[192],M
RS1754
(pK
i 8.8)
[905,
994],PSB1115
(pK
i 7.3)
[757]
M
RS1220
(pK
i 8.2–9.2)
[883,995,
1892,2177],VU
F5574
(pK
i 8.4)
[2016],
M
RS1523
(pK
i 7.7)
[1158],M
RS1191
(pK
i 7.5)
[883,909,1163]
Allosteric
m
odulators
PD
81723
(Positive)
[239]
–
–
LU
F6000
(Positive)
[701],LU
F6096
(Positive)
[770]
Labelled
ligands
[ 3H
]C
C
PA
(Agonist)
[1016,1665],
[ 3H
]D
PC
PX
(Antagonist)
(pK
d
8.4–9.2)
[404,537,1016,1513,1665,1980]
[ 3H
]ZM
241385
(Antagonist)
(pK
d
8.7–9.1)
[36,600],[ 3H
]C
G
S
21680
(Agonist)
[894,2062]
[ 3H
]M
RS1754
(Antagonist)
(pK
d
9.8)
[905]
[ 125I]AB-M
EC
A
(Agonist)
[1513,2025]
C
o
m
m
en
ts:
A
den
osin
e
in
h
ibits
m
an
y
in
tracellular
A
TP-utilisin
g
en
zym
es,in
cludin
g
aden
ylylcyclase
(P-site).
A
pseudogen
e
exists
for
th
e
A
2B
aden
osin
e
receptor
(A
D
O
RA
2BP1)
w
ith
79%
iden
tity
to
th
e
A
2B
aden
osin
e
receptor
cD
N
A
codin
g
sequen
ce,but
w
h
ich
is
un
able
to
en
code
a
fun
ction
al
receptor
[884].
D
PC
PX
also
ex-
h
ibits
an
tagon
ism
at
A
2B
receptors
(pK
i
ca.
7,[34,
1016]).
A
n
-
tagon
ists
at
A
3
receptors
exh
ibit
m
arked
species
differen
ces,such
th
at
on
ly
M
R
S1523
an
d
M
R
S1191
are
selective
at
th
e
rat
A
3
re-
ceptor.
In
th
e
absen
ce
of
oth
er
aden
osin
e
receptors,
[ 3H
]D
PC
PX
an
d
[ 3H
]ZM
241385
can
also
be
used
to
label
A
2B
receptors
(K
D
ca.
30
an
d
60
n
M
respectively).
[ 125I]A
B-M
EC
A
also
bin
ds
to
A
1
receptors
[1016].
[ 3H
]C
G
S
21680
is
relatively
selective
for
A
2A
re-
ceptors,
but
m
ay
also
bin
d
to
oth
er
sites
in
cerebral
cortex
[400,
914].[ 3H
]N
EC
A
bin
ds
to
oth
ern
on
-receptorelem
en
ts,w
h
ich
also
recogn
ise
aden
osin
e
[1209].
X
A
C
-BY
630
h
as
been
described
as
a
fluorescen
t
an
tagon
ist
for
labellin
g
A
1
aden
osin
e
receptors
in
liv-
in
g
cells,
alth
ough
activity
at
oth
er
aden
osin
e
receptors
w
as
n
ot
exam
in
ed
[217].
Fu
rth
er
read
in
g
o
n
A
d
en
o
sin
e
recep
to
rs
Fredh
olm
BB
et
al.
(2011)
In
tern
ation
al
U
n
ion
of
Basic
an
d
C
lin
ical
Ph
arm
acology.
LX
X
X
I.
N
om
en
clature
an
d
classification
of
aden
osin
e
receptors–an
update.
Pharm
acol.
Rev.
63
:
1-34
[PM
ID
:21303899]
G
uo
D
et
al.
(2017)
K
in
etic
A
spects
of
th
e
In
teraction
betw
een
Ligan
d
an
d
G
Protein
-C
oupled
R
e-
ceptor:Th
e
C
ase
of
th
e
A
den
osin
e
R
eceptors.
C
hem
.Rev.117
:38-66
[PM
ID
:27088232]
G
öblyös
A
etal.
(2011)
A
llosteric
m
odulation
of
aden
osin
e
receptors.
Biochim
.
Biophys.
A
cta
1808
:
1309-18
[PM
ID
:20599682]
H
eadrick
JP
etal.(2011)
A
den
osin
e
an
d
its
receptors
in
th
e
h
eart:regulation
,retaliation
an
d
adap-
tation
.Biochim
.Biophys.A
cta
1808
:1413-28
[PM
ID
:21094127]
Lasley
R
D
.(2011)A
den
osin
e
receptors
an
d
m
em
bran
e
m
icrodom
ain
s.Biochim
.Biophys.A
cta
1808
:
1284-9
[PM
ID
:20888790]
M
un
dell
S
et
al.
(2011)
A
den
osin
e
receptor
desen
sitization
an
d
traffickin
g.
Biochim
.
Biophys.
A
cta
1808
:1319-28
[PM
ID
:20550943]
W
ei
C
J
et
al.
(2011)
N
orm
al
an
d
abn
orm
al
fun
ction
s
of
aden
osin
e
receptors
in
th
e
cen
tral
n
er-
vous
system
revealed
by
gen
etic
kn
ockout
studies.
Biochim
.
Biophys.
A
cta
1808
:
1358-79
[PM
ID
:21185258]
Adhesion
C
lass
G
PC
Rs
G
protein
-coupled
receptors→
A
dh
esion
C
lass
G
PC
R
s
O
verview
:A
dh
esion
G
PC
R
s
are
structurally
iden
tified
on
th
e
basis
ofa
large
extracellular
region
,sim
ilar
to
th
e
C
lass
B
G
PC
R
,but
w
h
ich
is
lin
ked
to
th
e
7TM
region
by
a
G
PC
R
autoproteolysis-in
ducin
g
(G
A
IN
)
dom
ain
[56]
con
tain
in
g
a
G
PC
R
proteolytic
site.
Th
e
N
-term
in
us
often
sh
ares
structuralh
om
ology
w
ith
protein
s
such
as
lectin
s
an
d
im
m
un
oglobulin
s,leadin
g
to
th
e
term
adh
esion
G
PC
R
[571,
2187].T
h
e
n
o
m
en
clatu
re
o
f
th
ese
recep
to
rs
w
as
revised
in
2015
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
an
d
th
e
A
d
h
esio
n
G
P
C
R
C
o
n
so
rtiu
m
[718].
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N
om
enclature
AD
G
RA1
AD
G
RA2
AD
G
RA3
AD
G
RB1
AD
G
RB2
AD
G
RB3
CELSR1
H
G
N
C
,U
niProt
AD
G
RA1,Q
86SQ
6
AD
G
RA2,Q
96PE1
AD
G
RA3,Q
8IW
K6
AD
G
RB1,O
14514
AD
G
RB2,O
60241
AD
G
RB3,O
60242
CELSR1,Q
9N
YQ
6
Endogenous
agonists
–
–
–
phosphatidylserine
[1530]
–
–
–
C
om
m
ents
–
–
–
AD
G
RB1
is
reported
to
respond
to
phosphatidylserine
[1530].
–
–
–
N
om
enclature
CELSR2
CELSR3
AD
G
RD
1
AD
G
RD
2
AD
G
RE1
AD
G
RE2
AD
G
RE3
H
G
N
C
,U
niProt
CELSR2,Q
9H
C
U
4
CELSR3,Q
9N
YQ
7
AD
G
RD
1,Q
6Q
N
K2
AD
G
RD
2,Q
7Z7M
1
AD
G
RE1,Q
14246
AD
G
RE2,Q
9U
H
X
3
AD
G
RE3,Q
9BY15
C
om
m
ents
–
–
–
–
–
A
m
utation
destabilizing
the
G
AIN
dom
ain
sensitizes
m
ast
cells
to
IgE-independent
vibration-induced
degranulation
[202].
–
N
om
enclature
AD
G
RE4P
AD
G
RE5
AD
G
RF1
AD
G
RF2
AD
G
RF3
AD
G
RF4
AD
G
RF5
H
G
N
C
,U
niProt
AD
G
RE4P,Q
86SQ
3
AD
G
RE5,P48960
AD
G
RF1,Q
5T601
AD
G
RF2,Q
8IZF7
AD
G
RF3,Q
8IZF5
AD
G
RF4,Q
8IZF3
AD
G
RF5,Q
8IZF2
N
om
enclature
AD
G
RG
1
AD
G
RG
2
AD
G
RG
3
AD
G
RG
4
AD
G
RG
5
H
G
N
C
,U
niProt
AD
G
RG
1,Q
9Y653
AD
G
RG
2,Q
8IZP9
AD
G
RG
3,Q
86Y34
AD
G
RG
4,Q
8IZF6
AD
G
RG
5,Q
8IZF4
C
om
m
ents
Reported
to
bind
tissue
transglutam
inase
2
[2155]and
collagen,
w
hich
activates
the
G
12/13
pathw
ay
[1220].
–
–
–
–
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N
om
enclature
AD
G
RG
6
AD
G
RG
7
AD
G
RL1
AD
G
RL2
AD
G
RL3
AD
G
RL4
AD
G
RV1
H
G
N
C
,U
niProt
AD
G
RG
6,Q
86SQ
4
AD
G
RG
7,Q
96K78
AD
G
RL1,O
94910
AD
G
RL2,O
95490
AD
G
RL3,Q
9H
AR2
AD
G
RL4,Q
9H
BW
9
AD
G
RV1,Q
8W
X
G
9
C
om
m
ents
–
–
–
–
–
–
Loss-of-function
m
utations
are
associated
w
ith
U
sher
syndrom
e,
a
sensory
deficit
disorder
[885].
Fu
rth
er
read
in
g
o
n
A
d
h
esio
n
C
lass
G
P
C
R
s
H
am
an
n
Jetal.(2015)In
tern
ation
alU
n
ion
ofBasic
an
d
C
lin
icalPh
arm
acology.X
C
IV.A
dh
esion
G
protein
-coupled
receptors.Pharm
acol.Rev.67
:338-67
[PM
ID
:25713288]
Yon
a
S
et
al.
(2008)
A
dh
esion
-G
PC
R
s:
em
ergin
g
roles
for
n
ovel
receptors.
Trends
Biochem
.
Sci.
33
:
491-500
[PM
ID
:18789697]
Adrenoceptors
G
protein
-coupled
receptors→
A
dren
oceptors
O
verview
:T
h
e
n
o
m
en
clatu
re
o
f
th
e
A
d
ren
o
cep
to
rs
h
as
b
een
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
A
d
ren
o
cep
to
rs
[256],see
also
[789].
A
d
ren
o
cep
to
rs,α
1
α
1 -A
dren
oceptors
are
activated
by
th
e
en
dogen
ous
agon
ists
(-)-adren
alin
e
an
d
(-)-n
oradren
alin
e.
Ph
en
yleph
rin
e,
m
eth
oxa-
m
in
e
an
d
cirazolin
e
are
agon
ists
an
d
prazosin
an
d
cirazolin
e
an
-
tagon
ists
con
sidered
selective
forα
1 -relative
to
α
2 -adren
oceptors.
[ 3H
]prazosin
an
d
[ 125I]H
EA
T
(BE2254)
are
relatively
selec-
tive
radioligan
ds.
S(+)-n
iguldipin
e
also
h
as
h
igh
affin
ity
for
L-type
C
a 2+
ch
an
n
els.
Fluorescen
t
derivatives
of
prazosin
(Bod-
ipy
PLprazosin
-
Q
A
PB)
are
used
to
exam
in
e
cellular
localisa-
tion
of
α
1 -adren
oceptors.
Selective
α
1 -adren
oceptor
agon
ists
are
used
as
n
asal
decon
gestan
ts;
an
tagon
ists
to
treat
h
yperten
sion
(doxazosin
,prazosin
)an
d
ben
ign
prostatic
h
yperplasia
(alfuzosin
,
tam
sulosin
).
Th
e
α
1 -
an
d
β
2 -adren
oceptor
an
tagon
ist
carvedilol
is
used
to
treat
con
gestive
h
eart
failure,
alth
ough
th
e
con
tri-
bution
of
α
1 -adren
oceptor
blockade
to
th
e
th
erapeutic
effect
is
un
clear.
Several
an
ti-depressan
ts
an
d
an
ti-psych
otic
drugs
are
α
1 -adren
oceptor
an
tagon
ists
con
tributin
g
to
side
effects
such
as
orth
ostatic
h
ypoten
sion
an
d
extrapyram
idaleffects.
N
om
enclature
α
1A -adrenoceptor
α
1B -adrenoceptor
α
1D
-adrenoceptor
H
G
N
C
,U
niProt
AD
RA1A,P35348
AD
RA1B,P35368
AD
RA1D
,P25100
Endogenous
agonists
(-)-adrenaline
[819,1789],(-)-noradrenaline
[819,1789,1936]
–
(-)-noradrenaline
[819,1789],(-)-adrenaline
[819,1789]
Agonists
oxym
etazoline
[819,1486,1789,1936],phenylephrine
[1936],
m
ethoxam
ine
[1789,1936]
phenylephrine
[559,1345]
–
Selective
agonists
A61603
[559,1017],dabuzalgron
[165]
–
–
Antagonists
prazosin
(Inverse
agonist)
(pK
i 9–9.9)
[303,405,559,1789,
2118],doxazosin
(pK
i 9.3)
[724],terazosin
(pK
i 8.7)
[1323],
phentolam
ine
(pK
i 8.6)
[1789],alfuzosin
(pK
i 8.1)
[787]
prazosin
(Inverse
agonist)
(pK
i 9.6–9.9)
[559,1789,2118],tam
sulosin
(Inverse
agonist)
(pK
i 9.5–9.7)
[559,1789,2118],
doxazosin
(pK
i 9.1)
[724],alfuzosin
(pK
i
8.6)
[788],terazosin
(pK
i 8.6)
[1323],
phentolam
ine
(pK
i 7.5)
[1789]
prazosin
(Inverse
agonist)
(pK
i 9.5–10.2)
[559,1789,2118],
tam
sulosin
(pK
i 9.8–10.2)
[559,1789,2118],doxazosin
(pK
i 9.1)
[724],terazosin
(pK
i 9.1)
[1323],alfuzosin
(pK
i 8.4)
[787],
dapiprazole
(pK
i 8.4)
[71],phentolam
ine
(Inverse
agonist)
(pK
i
8.2)
[1789],RS-100329
(pK
i 7.9)
[2118],labetalol(pK
i 6.6)
[71]
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N
om
enclature
α
1A -adrenoceptor
α
1B -adrenoceptor
α
1D
-adrenoceptor
Selective
antagonists
tam
sulosin
(pK
i 10–10.7)
[303,405,559,1789,2118],silodosin
(pK
i 10.4)
[1789],S(+)-niguldipine
(pK
i 9.1–10)
[559,1789],
RS-100329
(pK
i 9.6)
[2118],SN
AP5089
(pK
i 8.8–9.4)
[787,1147,
2101],ρ
-D
a1a
(pK
i 9.2–9.3)
[1298,1619],RS-17053
(pK
i
9.2–9.3)
[303,405,556,559]
Rec
15/2615
(pK
i 9.5)
[1942],L-765314
(pK
i 7.7)
[1537],AH
11110
(pK
i 7.5)
[1724]
BM
Y-7378
(pK
i 8.7–9.1)
[280,2192]
A
d
ren
o
cep
to
rs,α
2
α
2 -A
dren
oceptors
are
activated
by
(-)-adren
alin
e
an
d
w
ith
low
er
poten
cy
by
(-)-n
oradren
alin
e.
Brim
on
idin
e
an
d
talipexole
are
agon
ists
an
d
rauw
olscin
e
an
d
yoh
im
bin
e
an
tagon
ists
selective
for
α
2 -
relative
to
α
1 -adren
oceptors.
[ 3H
]rauw
olscin
e,
[ 3H
]
brim
on
idin
e
an
d
[ 3H
]R
X
821002
are
relatively
selective
radioli-
gan
ds.
Th
ere
is
species
variation
in
th
e
ph
arm
acology
of
th
e
α
2A
-adren
oceptor.
M
ultiple
m
utation
s
of
α
2 -adren
oceptors
h
ave
been
described,
som
e
associated
w
ith
alteration
s
in
fun
ction
.
Presyn
aptic
α
2 -adren
oceptors
regulate
m
an
y
fun
ction
s
in
th
e
n
er-
vous
system
.Th
e
α
2 -adren
oceptor
agon
ists
clon
idin
e,guan
aben
z
an
d
brim
on
idin
e
affect
cen
tral
baroreflex
con
trol
(h
ypoten
sion
an
d
bradycardia),
in
duce
h
ypn
otic
effects
an
d
an
algesia,
an
d
m
odulate
seizure
activity
an
d
platelet
aggregation
.
C
lon
idin
e
is
an
an
ti-h
yperten
sive
an
d
coun
teracts
opioid
w
ith
draw
al.
D
exm
edetom
idin
e
(also
xylazin
e)
is
used
as
a
sedative
an
d
an
al-
gesic
in
h
um
an
an
d
veterin
ary
m
edicin
e
w
ith
sym
path
olytic
an
d
an
xiolytic
properties.Th
e
α
2 -adren
oceptoran
tagon
istyoh
im
bin
e
h
as
been
used
to
treat
erectile
dysfun
ction
an
d
m
irtazapin
e
as
an
an
ti-depressan
t.
Th
e
α
2B
subtype
appears
to
be
in
volved
in
n
eurotran
sm
ission
in
th
e
spin
al
cord
an
d
α
2C
in
regulatin
g
cate-
ch
olam
in
e
release
from
adren
alch
rom
affin
cells.
N
om
enclature
α
2A -adrenoceptor
α
2B -adrenoceptor
α
2C
-adrenoceptor
H
G
N
C
,U
niProt
AD
RA2A,P08913
AD
RA2B,P18089
AD
RA2C,P18825
Endogenous
agonists
(-)-adrenaline
[896,1573],(-)-noradrenaline
[896,1573]
(-)-noradrenaline
(Partialagonist)
[896,1573],
(-)-adrenaline
[896]
(-)-noradrenaline
[896,1573],(-)-adrenaline
[896]
Agonists
dexm
edetom
idine
(Partialagonist)
[896,1228,1552,1573],
clonidine
(Partialagonist)
[896,1552,1573],brim
onidine
[896,
1228,1552,1573],apraclonidine
[1399],guanabenz
[71],
guanfacine
(Partialagonist)
[896,1231]
dexm
edetom
idine
[896,1228,1552,1573],clonidine
(Partialagonist)
[896,1552,1573],brim
onidine
(Partialagonist)
[896,1552,1573],guanabenz
[71],
guanfacine
[896]
dexm
edetom
idine
[896,1552,1573],brim
onidine
(Partialagonist)
[896,1228,1552,1573],
apraclonidine
[1399],guanfacine
(Partialagonist)
[896],guanabenz
[71]
Selective
agonists
oxym
etazoline
(Partialagonist)
[896,1228,1998]
–
–
Antagonists
yohim
bine
(pK
i 8.4–9.2)
[255,440,1998]
yohim
bine
(pK
i 7.9–8.9)
[255,440,1998],
phenoxybenzam
ine
(pK
i 8.5)
[2088],tolazoline
(pK
i
5.5)
[896]
yohim
bine
(pK
i 8.5–9.5)
[255,440,1998],W
B
4101
(pK
i 8.4–9.4)
[255,440,1998],spiroxatrine
(pK
i 9)
[1998],m
irtazapine
(pK
i 7.7)
[539],tolazoline
(pK
i
5.4)
[896]
Selective
antagonists
BRL
44408
(pK
i 8.2–8.8)
[1998,2194]
im
iloxan
(pK
i 7.3)
[1329]–
Rat
JP1302
(pK
B
7.8)
[1704]
Labelled
ligands
–
–
[ 3H
]M
K-912
(Antagonist)
(pK
d
10.1)
[1998]
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A
d
ren
o
cep
to
rs,β
β -A
dren
oceptors
are
activated
by
th
e
en
dogen
ous
agon
ists
(-)-adren
alin
e
an
d
(-)-n
oradren
alin
e.
Isopren
alin
e
is
selective
for
β-adren
oceptors
relative
to
α
1 -
an
d
α
2 -adren
oceptors,
w
h
ile
propran
olol
(pK
i
8.2-9.2)
an
d
cyan
opin
dolol
(pK
i
10.0-11.0)
are
relatively
β
1
an
d
β
2
adren
oceptor-selective
an
tagon
ists.
(-)-n
oradren
alin
e,
xam
oterol
an
d
(-)-R
o
363
sh
ow
selectivity
for
β
1 -
relative
to
β
2 -adren
oceptors.
Ph
arm
acological
differen
ces
ex-
ist
betw
een
h
um
an
an
d
m
ouse
β
3 -adren
oceptors,an
d
th
e
’roden
t
selective’agon
ists
BR
L
37344
an
d
C
L316243
h
ave
low
efficacy
at
th
e
h
um
an
β
3 -adren
oceptor
w
h
ereas
C
G
P
12177
an
d
L
755507
activate
h
um
an
β
3 -adren
oceptors
[88].
β
3 -A
dren
oceptors
are
re-
sistan
t
to
blockade
by
propran
olol,
but
can
be
blocked
by
h
igh
con
cen
tration
s
of
bupran
olol.
SR
59230A
h
as
reason
ably
h
igh
affin
ity
at
β
3 -adren
oceptors,
but
does
n
ot
discrim
in
ate
w
ell
be-
tw
een
th
e
th
ree
β-
subtypes
w
h
ereas
L
755507
is
m
ore
selective.
[ 125I]-cyan
opin
dolol,
[ 125I]-h
ydroxy
ben
zylpin
dolol
an
d
[ 3H
]-
alpren
olol
are
h
igh
affin
ity
radioligan
ds
th
at
label
β
1 -
an
d
β
2 -
adren
oceptors
an
d
β
3 -adren
oceptors
can
be
labelled
w
ith
h
igh
er
con
cen
tration
s
(n
M
)
of
[ 125I]-cyan
opin
dolol
togeth
er
w
ith
β
1 -
an
d
β
2 -adren
oceptor
an
tagon
ists.
[ 3H
]-L-748337
is
a
β
3 -selective
radioligan
d
[2020].
Fluorescen
t
ligan
ds
such
as
BO
D
IPY-TM
R
-
C
G
P12177
can
be
used
to
track
β-adren
oceptors
at
th
e
cel-
lular
level
[8].
Som
ew
h
at
selective
β
1 -adren
oceptor
agon
ists
(den
opam
in
e,
dobutam
in
e)
are
used
sh
ort
term
to
treat
cardio-
gen
ic
sh
ock
but,
ch
ron
ically,
reduce
survival.
β
1 -A
dren
oceptor-
preferrin
g
an
tagon
ists
are
used
to
treat
h
yperten
sion
(aten
olol,
betaxolol,
bisoprolol,
m
etoprolol
an
d
n
ebivolol),
cardiac
ar-
rh
yth
m
ias
(aten
olol,
bisoprolol,
esm
olol)
an
d
cardiac
failure
(m
etoprolol,
n
ebivolol).
C
ardiac
failure
is
also
treated
w
ith
carvedilol
th
at
blocks
β
1 -
an
d
β
2 -adren
oceptors,
as
w
ell
as
α
1 -adren
oceptors.
Sh
ort
(salbutam
ol,
terbutalin
e)
an
d
lon
g
(form
oterol,salm
eterol)actin
g
β
2 -adren
oceptor-selective
agon
ists
are
pow
erful
bron
ch
odilators
used
to
treat
respiratory
disorders.
M
an
y
first
gen
eration
β-adren
oceptor
an
tagon
ists
(propran
olol)
block
both
β
1 -
an
d
β
2 -adren
oceptors
an
d
th
ere
are
n
o
β
2 -
adren
oceptor-selective
an
tagon
ists
used
th
erapeutically.
Th
e
β
3 -
adren
oceptor
agon
ist
m
irabegron
is
used
to
con
trol
overactive
bladder
syn
drom
e.
N
om
enclature
β
1 -adrenoceptor
β
2 -adrenoceptor
β
3 -adrenoceptor
H
G
N
C
,U
niProt
AD
RB1,P08588
AD
RB2,P07550
AD
RB3,P13945
Potency
orderofendogenous
ligands
(-)-noradrenaline
>
(-)-adrenaline
(-)-adrenaline
>
(-)-noradrenaline
(-)-noradrenaline
=
(-)-adrenaline
Endogenous
agonists
(-)-adrenaline
[579,806],(-)-noradrenaline
[579,806],
noradrenaline
[579]
(-)-adrenaline
[579,806,893],(-)-noradrenaline
[579,806]
(-)-noradrenaline
[806,1589,
1880],(-)-adrenaline
[806]
Agonists
pindolol(Partialagonist)
[1058],isoprenaline
[579,1723],
dobutam
ine
(Partialagonist)
[870]
pindolol(Partialagonist)
[1058],arform
oterol[37],
isoprenaline
[1723],dobutam
ine
(Partialagonist)
[1166],
ephedrine
(Partialagonist)
[893]
carazolol[1318]
Selective
agonists
(-)-Ro
363
[1355],xam
oterol(Partialagonist)
[870],
denopam
ine
(Partialagonist)
[870,1903]
form
oterol[85],salm
eterol[85],zinterol[85],vilanterol
[1605],procaterol[85],indacaterol[114],fenoterol[59],
salbutam
ol(Partialagonist)
[87,870],terbutaline
(Partial
agonist)
[87],orciprenaline
[1853]
L
755507
[85],L742791
[2086],
m
irabegron
[1922],C
G
P
12177
(Partialagonist)
[163,1210,
1318,1355],SB251023
[850]–
M
ouse,BRL
37344
[163,456,
806,1318],C
L316243
[2168]
Antagonists
carvedilol(pK
i 9.5)
[272],bupranolol(pK
i 7.3–9)
[272,1210],
levobunolol(pK
i 8.4)
[71],labetalol(pK
i 8.2)
[71],m
etoprolol
(pK
i 7–7.6)
[87,272,806,1210],esm
olol(pK
i 6.9)
[71],
nadolol(pK
i 6.9)
[272],practolol(pK
i 6.1–6.8)
[87,1210],
propafenone
(pK
i 6.7)
[71],sotalol(pK
i 6.1)
[71]
carvedilol(pK
i 9.4–9.9)
[87,272],tim
olol(pK
i 9.7)
[87],
propranolol(pK
i 9.1–9.5)
[87,90,870,1210],levobunolol
(pK
i 9.3)
[71],bupranolol(pK
i 8.3–9.1)
[272,1210],
alprenolol(pK
i 9)
[87],nadolol(pK
i 7–8.6)
[87,272],labetalol
(pK
i 8)
[71],propafenone
(pK
i 7.4)
[71],sotalol(pK
i 6.5)
[71]
carvedilol(pK
i 9.4)
[272],
SR59230A
(pK
i 6.9–8.4)
[272,
430,806],bupranolol(pK
i
6.8–7.3)
[163,272,1210,1318],
propranolol(pK
i 6.3–7.2)
[1210,
1589],levobunolol(pK
i 6.8)
[1589]
Selective
antagonists
C
G
P
20712A
(pK
i 8.5–9.2)
[87,272,1210],levobetaxolol(pK
i
9.1)
[1785],betaxolol(pK
i 8.8)
[1210],nebivolol(pIC
50
8.1–8.7)
[1543]–
Rabbit,atenolol(pK
i 6.7–7.6)
[87,928,
1210],acebutolol(pK
i 6.4)
[71]
IC
I118551
(Inverse
agonist)
(pK
i 9.2–9.5)
[87,90,1210]
L-748337
(pK
i 8.4)
[272],
L748328
(pK
i 8.4)
[272]
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N
om
enclature
β
1 -adrenoceptor
β
2 -adrenoceptor
β
3 -adrenoceptor
Labelled
ligands
[ 125I]IC
YP
(Selective
Antagonist)
(pK
d
10.4–11.3)
[870,1210,
1723]
[ 125I]IC
YP
(Antagonist)
(pK
d
11.1)
[1210,1723]
[ 125I]IC
YP
(Agonist,Partial
agonist)
[1210,1355,1589,
1723,1880]
C
om
m
ents
The
agonists
indicated
have
less
than
tw
o
orders
ofm
agnitude
selectivity
[85].
–
Agonist
SB251023
has
a
pEC
50
of
6.9
for
the
splice
variant
ofthe
m
ouse
β
3
receptor,β
3b
[850].
C
o
m
m
en
ts:A
d
ren
o
cep
to
rs,α
1
Th
e
α
1C
-adren
oceptor
correspon
ds
to
th
e
ph
arm
acologically
defin
ed
α
1A
-adren
oceptor
[789].
Som
e
tissues
possess
α
1A
-
adren
oceptors
(α
1L -adren
oceptors
[559,
1382])
th
at
display
relatively
low
affin
ity
in
fun
ction
al
an
d
bin
din
g
assays
for
prazosin
in
dicative
of
differen
t
receptor
states
or
location
s.
α
1A
-adren
oceptor
C
-term
in
al
splice
varian
ts
form
h
om
o-
an
d
h
eterodim
ers,
but
fail
to
gen
erate
a
fun
ction
alα
1L -adren
oceptor
[1628].
α
1D
-A
dren
oceptors
form
h
eterodim
ers
w
ith
α
1B -
or
β
2 -adren
oceptors
th
at
sh
ow
in
creased
cell-surface
expression
[1993].
R
ecom
bin
an
t
α
1D
-adren
oceptors
h
ave
been
sh
ow
n
in
som
e
h
eterologous
system
s
to
be
m
ain
ly
located
in
tra-
cellularly
but
cell-surface
localization
is
en
couraged
by
trun
-
cation
of
th
e
N
-term
in
us,
or
by
co-expression
of
α
1B -
or
β
2 -adren
oceptors
[706,
1993].
In
blood
vessels
all
th
ree
α
1- adren
oceptor
subtypes
are
located
on
th
e
surface
an
d
in
-
tracellularly
[1320,
1321].
Sign
allin
g
is
predom
in
an
tly
via
G
q/11
but
α
1 -adren
oceptors
also
couple
to
G
i/o ,
G
s
an
d
G
12/13 .
Several
α
1A
-adren
oceptor
agon
ists
display
ligan
d
directed
sig-
n
allin
g
bias
relative
to
n
oradren
alin
e
[521].
Th
ere
are
also
differen
ces
betw
een
subtypes
in
couplin
g
efficien
cy
to
differen
t
path
w
ays.
In
vascular
sm
ooth
m
uscle,th
e
poten
cy
of
agon
ists
is
related
to
th
e
predom
in
an
t
subtype,α
1D
-
con
veyin
g
greater
ago-
n
ist
sen
sitivity
th
an
α
1A
-adren
oceptors
[553].
A
d
ren
o
cep
to
rs,α
2
A
R
C
-239
an
d
prazosin
sh
ow
selectivity
for
α
2B -
an
d
α
2C
-
adren
oceptors
over
α
2A
-adren
oceptors.O
xym
etazolin
e
is
a
re-
duced
efficacy
im
idazolin
e
agon
ist
but
also
bin
ds
to
n
on
-G
PC
R
bin
din
g
sites
for
im
idazolin
es,classified
as
I1 ,I2
an
d
I3
sites
[406];
catech
olam
in
es
h
ave
a
low
affin
ity,
w
h
ile
rilm
en
idin
e
an
d
m
ox-
on
idin
e
are
selective
ligan
ds
evokin
g
h
ypoten
sive
effects
in
vivo.
I1 -im
idazolin
e
receptors
cause
cen
tral
in
h
ibition
of
sym
path
etic
ton
e,
I2 -im
idazolin
e
receptors
are
an
allosteric
bin
din
g
site
on
m
on
oam
in
e
oxidase
B,
an
d
I3 -im
idazolin
e
receptors
regulate
in
sulin
secretion
from
pan
creatic
β-cells.
α
2A
-adren
oceptor
stim
-
ulation
reduces
in
sulin
secretion
from
β-islets
[2171],
w
ith
a
polym
orph
ism
in
th
e
5’-U
TR
ofth
e
A
D
R
A
2A
gen
e
bein
g
associated
w
ith
in
creased
receptor
expression
in
β-islets
an
d
h
eigh
ten
ed
sus-
ceptibility
to
diabetes
[1673].
α
2A
-
an
d
α
2C
-adren
oceptors
form
h
om
odim
ers
[1829].
H
eterodim
ers
betw
een
α
2A
-
an
d
eith
er
th
e
α
2c -adren
oceptor
or
µ
opioid
peptide
receptor
exh
ibit
altered
sign
allin
g
an
d
traffickin
g
properties
com
pared
to
th
e
in
dividual
receptors
[1829,
1931,
2036].
Sign
allin
g
by
α
2 -adren
oceptors
is
prim
arily
via
G
i/o ,alth
ough
th
e
α
2A
-adren
oceptor
also
couples
to
G
s
[487].
Im
idazolin
e
com
poun
ds
display
bias
relative
to
each
oth
er
at
th
e
α
2A
-adren
oceptor
[1544].
Th
e
n
oradren
alin
e
reup-
take
in
h
ibitor
desipram
in
e
acts
directly
on
th
e
α
2A
-adren
oceptor
to
prom
ote
in
tern
alisation
via
recruitm
en
t
of
arrestin
[385].
A
d
ren
o
cep
to
rs,β
[ 125I]IC
Y
P
can
be
used
to
defin
e
β
1 -
or
β
2 -adren
oceptors
w
h
en
con
ducted
in
th
e
presen
ce
of
a
β
1 -
or
β
2 -adren
oceptor-selective
an
tagon
ist.
A
fluorescen
t
an
alogue
of
C
G
P
12177
can
be
used
to
study
β
2 -adren
oceptors
in
livin
g
cells
[88].
[ 125I]IC
Y
P
at
h
igh
er
(n
M
)
con
cen
tration
s
can
be
used
to
label
β
3 -adren
oceptors
in
system
s
w
ith
few
if
an
y
oth
er
β-adren
oceptor
subtypes.
Th
e
β
3 -adren
oceptor
h
as
an
in
tron
in
th
e
codin
g
region
,
but
splice
varian
ts
h
ave
on
ly
been
described
for
th
e
m
ouse
[522],
w
h
ere
th
e
isoform
s
display
differen
t
sign
allin
g
ch
aracteristics
[850].
Th
ere
are
3
β-adren
oceptors
in
turkey
(term
ed
th
e
tβ,
tβ3c
an
d
tβ4c)
th
at
h
ave
a
ph
arm
acology
th
at
differs
from
th
e
h
um
an
β-adren
oceptors
[86].
N
um
erous
polym
orph
ism
s
h
ave
been
described
for
th
e
β-adren
oceptors;
som
e
are
associated
w
ith
sign
allin
g
an
d
traffickin
g,
altered
susceptibility
to
disease
an
d/or
altered
respon
ses
to
ph
arm
acoth
erapy
[1169].A
llβ-adren
oceptors
couple
to
G
s
(activatin
g
aden
ylyl
cyclase
an
d
elevatin
g
cA
M
P
levels),
but
also
activate
G
i
an
d
β-arrestin
-m
ediated
sign
allin
g.
M
an
y
β
1 -
an
d
β
2 -adren
oceptor
an
tagon
ists
are
agon
ists
at
β
3 -
adren
oceptors
(C
L316243,C
G
P
12177
an
d
carazolol).
M
an
y
‘an
-
tagon
ists’
of
cA
M
P
accum
ulation
,
for
exam
ple
carvedilol
an
d
bucin
dolol,
w
eakly
activate
M
A
P
kin
ase
path
w
ays
[89,
523,
589,
590,1721,1722]an
d
th
us
display
’protean
agon
ism
’.
Bupran
olol
acts
as
a
n
eutralan
tagon
ist
in
m
ost
system
s
so
far
exam
in
ed.
A
g-
on
ists
also
display
biased
sign
allin
g
at
th
e
β
2 -adren
oceptor
via
G
s
or
arrestin
s
[470].
X
-ray
crystalstructures
h
ave
been
described
of
th
e
agon
ist
boun
d
[2075]
an
d
an
tagon
ist
boun
d
form
s
of
th
e
β
1 -
[2076],
agon
ist-boun
d
[328]
an
d
an
tagon
ist-boun
d
form
s
of
th
e
β
2 -adren
oceptor
[1632,
1672],
as
w
ell
as
a
fully
active
agon
ist-
boun
d,
G
s
protein
-coupled
β
2 -adren
oceptor
[1633].
C
arvedilol
an
d
bucin
dolol
bin
d
to
a
site
on
th
e
β
1 -adren
oceptor
in
volvin
g
con
tacts
in
TM
2,3,an
d
7
an
d
extracellular
loop
2
th
at
m
ay
facili-
tate
couplin
g
to
arrestin
s
[2076].C
om
poun
ds
displayin
g
arrestin
-
biased
sign
allin
g
at
th
e
β
2 -adren
oceptor
h
ave
a
greater
effect
on
th
e
con
form
ation
of
TM
7,
w
h
ereas
full
agon
ists
for
G
s
couplin
g
prom
ote
m
ovem
en
tofTM
5
an
d
TM
6
[1192].R
ecen
tstudies
usin
g
N
M
R
spectroscopy
dem
on
strate
sign
ifican
t
con
form
ation
al
flex-
ibility
in
th
e
β
2 -adren
oceptor
th
at
is
stabilized
by
both
agon
ist
an
d
G
protein
s
h
igh
ligh
tin
g
th
e
dyn
am
ic
n
ature
of
in
teraction
s
w
ith
both
ligan
d
an
d
dow
n
stream
sign
allin
g
partn
ers
[992,1260,
1479].Such
flexibility
likely
h
ascon
sequen
cesforourun
derstan
d-
in
g
ofbiased
agon
ism
,an
d
for
th
e
future
th
erapeutic
exploitation
of
th
is
ph
en
om
en
on
.
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Angiotensin
receptors
G
protein
-coupled
receptors→
A
n
gioten
sin
receptors
O
verview
:Th
e
action
s
ofan
gioten
sin
II(A
G
T
,P01019)(A
n
g
II)are
m
ediated
by
A
T
1
an
d
A
T
2
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
A
n
g
io
ten
sin
recep
to
rs
[423,950]),w
h
ich
h
ave
aroun
d
30%
sequen
ce
sim
ilarity.Th
e
decapeptide
an
gioten
sin
I(A
G
T
,P01019),th
e
octapeptide
an
gioten
sin
II(A
G
T
,P01019)an
d
th
e
h
eptapeptide
an
gioten
sin
III(A
G
T
,P01019)
are
en
dogen
ous
ligan
ds.Losartan
,can
desartan
,telm
isartan
,etc.are
clin
ically
used
A
T
1
receptor
blockers.
N
om
enclature
AT
1
receptor
AT
2
receptor
H
G
N
C
,U
niProt
AG
TR1,P30556
AG
TR2,P50052
Endogenous
agonists
angiotensin
II(AG
T,P01019)
[425,2021],angiotensin
III(AG
T,P01019)
[425]
angiotensin
III(AG
T,P01019)[394,425,2105],angiotensin
II(AG
T,
P01019)
[425,1838,2105],angiotensin-(1-7)
(AG
T,P01019)
[194]
Selective
agonists
L-162,313
[1559]
C
G
P42112
[194],[p-am
inoPhe6]ang
II[425,1860]–
Rat
Antagonists
telm
isartan
(pIC
50
8.4)
[1303],olm
esartan
(pIC
50
8.1)
[1027]
–
Selective
antagonists
candesartan
(pIC
50
9.5–9.7)
[2021],EX
P3174
(pIC
50
7.4–9.5)
[1965,2021],eprosartan
(pIC
50
8.4–8.8)
[492],
irbesartan
(pIC
50
8.7–8.8)
[2021],losartan
(pIC
50
7.4–8.7)
[425,1965],valsartan
(pIC
50
8.6)
[424],azilsartan
(pIC
50
8.1–8.1)
[1623,1917]
PD
123177
(pIC
50
8.5–9.5)
[305,336,478]–
Rat,EM
A401
(pIC
50
8.5–9.3)
[543,1656,1836],PD
123319
(pK
d
8.7–9.2)
[425,477,
2115]
Labelled
ligands
[ 3H
]A81988
(Antagonist)
(pK
d
9.2)
[725]–
Rat,[ 3H
]L158809
(Antagonist)
(pK
d
9.2)
[320]–
Rat,
[ 3H
]eprosartan
(Antagonist)
(pK
d
9.1)
[22]–
Rat,[ 3H
]valsartan
(Antagonist)
(pIC
50
8.8–9)
[2034],
[ 125I]EX
P985
(Antagonist)
(pK
d
8.8)
[337]–
Rat,[ 3H
]losartan
(Antagonist)
(pK
d
8.2)
[309]–
Rat
[ 125I]C
G
P42112
(Agonist)
[425,2105,2106]
C
om
m
ents
telm
isartan
and
candesartan
are
also
reported
to
be
agonists
ofPPARγ
[1877].
–
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C
o
m
m
en
ts:
A
T
1
receptors
are
predom
in
an
tly
coupled
to
G
q/11 ,
h
ow
everth
ey
are
also
lin
ked
to
arrestin
recruitm
en
tan
d
stim
ulate
G
protein
-in
depen
den
tarrestin
sign
allin
g
[1221].M
ostspeciesex-
press
a
sin
gle
A
G
T
R1
gen
e,buttw
o
related
agtr1a
an
d
agtr1b
recep-
tor
gen
es
are
expressed
in
roden
ts.
Th
e
A
T
2
receptor
coun
teracts
severalofth
e
grow
th
respon
ses
in
itiated
by
th
e
A
T
1
receptors.Th
e
A
T
2
receptoris
m
uch
less
abun
dan
tth
an
th
e
A
T
1
receptorin
adult
tissuesan
d
isupregulated
in
path
ologicalcon
dition
s.A
T
1
receptor
an
tagon
ists
bearin
g
substituted
4-ph
en
ylquin
olin
e
m
oieties
h
ave
been
syn
th
esized,
w
h
ich
bin
d
to
A
T
1
receptors
w
ith
n
an
om
olar
affin
ity
an
d
are
sligh
tly
m
ore
poten
t
th
an
losartan
in
fun
ction
al
studies
[275].
Th
e
an
tagon
ist
activity
of
C
G
P42112
at
th
e
A
T
2
re-
ceptor
h
as
also
been
reported
[1469].
Th
e
A
T
1
an
d
bradykin
in
B
2
receptors
h
ave
been
proposed
to
form
a
h
eterodim
eric
com
plex
[3].
Th
ere
is
also
eviden
ce
for
an
A
T
4
receptor
th
at
specifically
bin
ds
an
gioten
sin
IV
(A
G
T
,
P01019)
an
d
is
located
in
th
e
brain
an
d
kidn
ey.
A
n
addition
al
putative
en
dogen
ous
ligan
d
for
th
e
A
T
4
receptor
h
as
been
described
(LV
V
-h
em
orph
in
(H
BB,P68871),
a
globin
decapeptide)
[1351].
Fu
rth
er
read
in
g
o
n
A
n
g
io
ten
sin
recep
to
rs
de
G
asparo
M
et
al.
(2000)
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ation
alU
n
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arm
acology.
X
X
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e
an
gioten
sin
II
recep-
tors.Pharm
acol.Rev.52
:415-472
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ID
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K
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ik
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ation
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n
ion
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an
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arm
acology.X
C
IX
.A
n
gioten
sin
R
eceptors:
In
terpreters
of
Path
oph
ysiological
A
n
gioten
sin
ergic
Stim
uli
[corrected].
Pharm
acol.
Rev.67
:754-819
[PM
ID
:26315714]
Zh
an
g
H
et
al.
(2015)
Structural
Basis
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Ligan
d
R
ecogn
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an
d
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ction
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Selectivity
at
A
n
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gioten
sin
R
eceptor.
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:29127-39
[PM
ID
:26420482]
Zh
an
g
H
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al.
(2015)
Structure
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th
e
A
n
gioten
sin
receptor
revealed
by
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tosecon
d
crystal-
lograph
y.
C
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[PM
ID
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Apelin
receptor
G
protein
-coupled
receptors→
A
pelin
receptor
O
verview
:
Th
e
apelin
receptor
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
th
e
ap
elin
recep
to
r
[1582])
respon
ds
to
apelin
,a
36
am
in
o-acid
peptide
derived
in
i-
tially
from
bovin
e
stom
ach
.A
pelin
-36
(A
PLN
,Q
9U
LZ1),apelin
-13
(A
PLN
,
Q
9U
LZ1)
an
d
[Pyr 1]apelin
-13
(A
PLN
,
Q
9U
LZ1)
are
th
e
predom
in
an
t
en
dogen
ous
ligan
ds
w
h
ich
are
cleaved
from
a
77
am
in
o-acid
precursor
peptide
(A
PLN
,Q
9U
LZ1)by
a
so
far
un
iden
-
tified
en
zym
atic
path
w
ay
[1938].A
secon
d
fam
ily
ofpeptides
dis-
covered
in
depen
den
tly
an
d
n
am
ed
Elabela
[338]
or
Toddler,th
at
h
as
little
sequen
ce
sim
ilarity
to
apelin
,h
as
been
proposed
as
a
sec-
on
d
en
dogen
ous
apelin
receptor
ligan
d
[1542].
Structure-activity
relation
sh
ip
Elabela
an
alogues
h
ave
been
decsribed
[1406].
N
om
enclature
apelin
receptor
H
G
N
C
,U
niProt
APLN
R,P35414
Potency
order
ofendogenous
ligands
[Pyr 1]apelin-13
(APLN
,Q
9U
LZ1)≥
apelin-13
(APLN
,Q
9U
LZ1)
>
apelin-36
(APLN
,Q
9U
LZ1)
[529,1938]
Endogenous
agonists
apelin-13
(APLN
,Q
9U
LZ1)
[529,824,1315],apelin
receptor
early
endogenous
ligand
(APELA,P0D
M
C
3)
[436],apelin-17
(APLN
,Q
9U
LZ1)
[496,1315],
[Pyr 1]apelin-13
(APLN
,Q
9U
LZ1)
[961,1315],Elabela/Toddler-21
(APELA,P0D
M
C
3)
[2174],Elabela/Toddler-32
(APELA,P0D
M
C
3)
[2174],apelin-36
(APLN
,Q
9U
LZ1)
[529,824,961,1315],Elabela/Toddler-11
(APELA,P0D
M
C
3)
[2174]
Selective
agonists
C
M
F-019
(Biased
agonist)
[1639],M
M
07
(Biased
agonist)
[209]
Antagonists
M
M
54
(pK
i 8.2)
[1227]
Labelled
ligands
[ 125I][N
le 75,Tyr 77]apelin-36
(hum
an)
(Agonist)
[961],[ 125I][G
lp
65N
le 75,Tyr 77]apelin-13
(Agonist)
[824],[ 125I](Pyr 1)apelin-13
(Agonist)
[955],[ 125I]apelin-13
(Agonist)
[529],[ 3H
](Pyr 1)[M
et(0)11]-apelin-13
(Agonist)
[1315]
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C
o
m
m
en
ts:Poten
cy
order
determ
in
ed
for
h
eterologously
expressed
h
um
an
apelin
receptor
(pD
2
values
ran
ge
from
9.5
to
8.6).Th
e
apelin
receptor
m
ay
also
act
as
a
co-receptor
w
ith
C
D
4
for
isolates
of
h
um
an
im
m
un
odeficien
cy
virus,w
ith
apelin
blockin
g
th
is
fun
ction
[293].
A
m
odified
apelin
-13
peptide,apelin
-13(F13A
)
w
as
reported
to
block
th
e
h
ypoten
sive
respon
se
to
apelin
in
rat
in
vivo
[1132],
h
ow
ever,th
is
peptide
exh
ibits
agon
ist
activity
in
H
EK
293
cells
stably
expressin
g
th
e
recom
bin
an
t
apelin
receptor
[529].
Fu
rth
er
read
in
g
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A
p
elin
recep
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N
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d
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g
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’C
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Th
e
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A
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to
a
m
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reg-
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h
om
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[PM
ID
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Pitkin
SL
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U
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an
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C
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X
IV.A
pelin
re-
ceptor
n
om
en
clature,
distribution
,
ph
arm
acology,
an
d
fun
ction
.
Pharm
acol.
Rev.
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:
331-42
[PM
ID
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Yan
g
P
et
al.
(2015)
A
pelin
,Elabela/Toddler,an
d
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agon
ists
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n
ovelth
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in
th
e
cardiovascular
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Trends
Pharm
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[PM
ID
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Bile
acid
receptor
G
protein
-coupled
receptors→
Bile
acid
receptor
O
verview
:Th
e
bile
acid
receptor
(G
PBA
)respon
ds
to
bile
acids
produced
durin
g
th
e
liver
m
etabolism
ofch
olesterol.Selective
agon
ists
are
prom
isin
g
drugs
for
th
e
treatm
en
t
ofm
etabolic
disorders,such
as
type
II
diabetes,obesity
an
d
ath
erosclerosis.
N
om
enclature
G
PBA
receptor
H
G
N
C
,U
niProt
G
PBAR1,Q
8TD
U
6
Potency
order
ofendogenous
ligands
lithocholic
acid
>
deoxycholic
acid
>
chenodeoxycholic
acid,cholic
acid
[960,1278]
Selective
agonists
S-EM
C
A
[1550]–
M
ouse,betulinic
acid
[621],oleanolic
acid
[1720]
C
o
m
m
en
ts:
Th
e
triterpen
oid
n
aturalproduct
betulin
ic
acid
h
as
also
been
reported
to
in
h
ibit
in
flam
m
atory
sign
allin
g
th
rough
th
e
N
Fκ
B
path
w
ay
[1916].
D
isruption
of
G
PBA
expression
is
reported
to
protect
from
ch
olesterolgallston
e
form
ation
[2031].A
n
ew
series
of
5-ph
en
oxy-1,3-dim
eth
yl-1H
-pyrazole-4-carboxam
ides
h
ave
been
reported
as
h
igh
ly
poten
t
agon
ists
[1204].
Fu
rth
er
read
in
g
o
n
B
ile
acid
recep
to
r
D
uboc
H
etal.(2014)
Th
e
bile
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TG
R
5
m
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research
to
clin
icalappli-
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[PM
ID
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Lefebvre
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Bom
besin
receptors
G
protein
-coupled
receptors→
Bom
besin
receptors
O
verview
:
M
am
m
alian
bom
besin
(Bn
)
receptors
com
prise
3
subtypes:
BB
1 ,
BB
2 ,
BB
3
(n
o
m
en
clatu
re
reco
m
m
en
d
ed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
b
o
m
b
esin
recep
to
rs,
[900]).
BB
1
an
d
BB
2
are
activated
by
th
e
en
dogen
ous
ligan
ds
gastrin
-releasin
g
peptide
(G
RP,
P07492)
(G
R
P),
n
eurom
edin
B
(N
M
B,P08949)(N
M
B)an
d
G
R
P-(18-27)(G
RP,P07492)(previously
n
am
ed
n
eurom
edin
C
).Bom
besin
is
a
tetradecapeptide,origin
ally
derived
from
am
ph
ibian
s.
Th
e
th
ree
Bn
receptor
subtypes
couple
prim
arily
to
th
e
G
q/11
an
d
G
12/13
fam
ily
of
G
protein
s
[900](but
see
also
[908,1995]).Each
of
th
ese
receptors
is
w
idely
distributed
in
th
e
C
N
S
an
d
periph
eral
tissues
[659,
900,
1590,
1626,
1626,
1715,
1715,
2208].
A
ctivation
of
BB
1
an
d
BB
2
receptors
causes
a
w
ide
ran
ge
of
ph
ysiological
action
s,
in
cludin
g
th
e
stim
ulation
of
n
orm
al
an
d
n
eoplastic
tissue
grow
th
,
sm
ooth
-m
uscle
con
trac-
tion
,
appetite
an
d
feedin
g
beh
avior,
secretion
an
d
m
an
y
cen
tral
n
ervous
system
effects
[900,
901,
902,
1248,
1371,
1626,
1626].
A
ph
ysiological
role
for
th
e
BB
3
receptor
h
as
yet
to
be
fully
de-
fin
ed
alth
ough
recen
tly
studies
usin
g
receptor
kn
ockoutm
ice
an
d
n
ew
ly
described
agon
ists/an
tagon
ists
suggestan
im
portan
trole
in
glucose
an
d
in
sulin
regulation
,
m
etabolic
h
om
eostasis,
feedin
g,
regulation
ofbody
tem
perature
an
d
oth
er
C
N
S
beh
aviors,obesity,
diabetes
m
ellitus
an
d
grow
th
of
n
orm
al/n
eoplastic
tissues
[659,
1249,1249,1496,1496,2145].
N
om
enclature
BB
1
receptor
BB
2
receptor
BB
3
receptor
H
G
N
C
,U
niProt
N
M
BR,P28336
G
RPR,P30550
BRS3,P32247
Endogenous
agonists
neurom
edin
B
(N
M
B,P08949)
[900,
1626,1995]
neurom
edin
C
[1995],gastrin
releasing
peptide(14-27)
(hum
an)
[1995]
–
Selective
agonists
–
–
com
pound
8a
[1194],com
pound
9g
[1284],
M
K-7725
[339],M
K-5046
[1375,1759],
[D
-Tyr 6,Apa-4C
l 11,Phe 13,N
le 14]bom
besin-(6-14)
[1263],com
pound
17c
[1283],com
pound
9f
[1284],bag-1
[692],com
pound
22e
[761],bag-2
[692]
Antagonists
D
-N
al-C
ys-Tyr-D
-Trp-Lys-Val-C
ys-N
al-N
H
2
(pIC
50
6.2–6.6)
[658]
–
–
Selective
antagonists
PD
176252
(pIC
50
9.3–9.8)
[658],
PD
168368
(pIC
50
9.3–9.6)
[658],
dN
al-cyc(C
ys-Tyr-dTrp-O
rn-Val)-N
al-N
H
2
[D
-Phe 6,Leu
13,C
pa 14,ψ
13-14]bom
besin-(6-14)
(pK
i 9.8)
[658],JM
V641
(pIC
50
9.3)
[1970]–
M
ouse,
[(3-Ph-Pr 6),H
is 7,D
-Ala 11,D
-Pro
13,ψ
13-14),Phe 14]bom
besin-(6-14)
(pIC
50
9.2)
[658,1125],JM
V594
(pIC
50
8.9)
[1199,1970]–
M
ouse,
[D
-Tpi 6,Leu
13
ψ
(C
H
2 N
H
)-Leu
14]bom
besin-(6-14)
(pIC
50
8.9)
[658],
Ac-G
RP-(20-26)-m
ethylester
(pIC
50
8.7)
[658]
bantag-1
(pIC
50
8.6–8.7)
[692,1375],M
L-18
(pIC
50
5.3)
[1370]
Labelled
ligands
[ 125I]BH
-N
M
B
(hum
an,m
ouse,rat)
(Agonist),[ 125I][Tyr 4]bom
besin
(Agonist)
[ 125I][D
-Tyr 6]bom
besin-(6-13)-m
ethylester
(Selective
Antagonist)
(pK
d
9.3)
[1262]–
M
ouse,[ 125I][Tyr 4]bom
besin
(Agonist)
[135],[ 125I]G
RP
(hum
an)
(Agonist)
[ 3H
]bag-2
(Agonist)
[692]–
M
ouse,
[ 125I][D
-Tyr 6,β-Ala 11,Phe 13,N
le 14]bom
besin-(6-14)
(Agonist)
[1264,1375]
C
o
m
m
en
ts:A
llth
ree
h
um
an
subtypes
m
ay
be
activated
by
[D
-Ph
e 6,β-A
la 11,Ph
e 13,N
le 14]bom
besin
-(6-14)
[1264].[D
-Tyr 6,A
pa-4C
l 11,Ph
e 13,N
le 14]bom
besin
-(6-14)
h
as
m
ore
th
an
200-fold
selectivity
for
BB
3
receptors
over
BB
1
an
d
BB
2
[1263,1264,1626,1627].
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w
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Fu
rth
er
read
in
g
o
n
B
o
m
b
esin
recep
to
rs
Ferreira
C
A
et
al.
(2017)
R
adiolabeled
bom
besin
derivatives
for
preclin
ical
on
cological
im
agin
g.
Biom
ed.Pharm
acother.87
:58-72
[PM
ID
:28040598]
G
on
zález
N
etal.(2015)Bom
besin
receptor
subtype
3
as
a
poten
tialtarget
for
obesity
an
d
diabetes.
ExpertO
pin.T
her.Targets
1-18
[PM
ID
:26066663]
Jen
sen
R
T
et
al.
(2008)
In
tern
ation
al
U
n
ion
of
Ph
arm
acology.
LX
V
III.
M
am
m
alian
bom
besin
re-
ceptors:
n
om
en
clature,
distribution
,
ph
arm
acology,
sign
alin
g,
an
d
fun
ction
s
in
n
orm
al
an
d
disease
states.Pharm
acol.Rev.60
:1-42
[PM
ID
:18055507]
Jen
sen
R
T
et
al.
(2013)
Bom
besin
Peptides
(C
an
cer).
In
H
andbook
of
Biologically
A
ctive
Peptides.
2nd
Revised
edition.Edited
by
K
astin
A
J:Elsevier:506-511
[ISBN
:9780123850959]
R
am
os-Á
lvarez
I
et
al.
(2015)
In
sigh
ts
in
to
bom
besin
receptors
an
d
ligan
ds:
H
igh
ligh
tin
g
recen
t
advan
ces.Peptides
[PM
ID
:25976083]
Sayegh
A
I.(2013)Th
e
role
ofbom
besin
an
d
bom
besin
-related
peptides
in
th
e
sh
ort-term
con
trolof
food
in
take.Prog
M
olBiolTranslSci114
:343-70
[PM
ID
:23317790]
Bradykinin
receptors
G
protein
-coupled
receptors→
Bradykin
in
receptors
O
verview
:
Bradykin
in
(or
kin
in
)
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
su
b
co
m
m
ittee
o
n
B
rad
yk
in
in
(k
in
in
)
R
ecep
to
rs
[1136])
are
activated
by
th
e
en
dogen
ous
peptides
bradykin
in
(K
N
G
1,
P01042)
(BK
),
[des-A
rg
9]bradykin
in
(K
N
G
1,
P01042),
Lys-BK
(kallidin
(K
N
G
1,
P01042)),
[des-A
rg
10]kallidin
(K
N
G
1,
P01042),
T-kin
in
(K
N
G
1,
P01042)
(Ile-Ser-BK
),
[H
yp
3]bradykin
in
(K
N
G
1,P01042)
an
d
Lys-[H
yp
3]-bradykin
in
(K
N
G
1,P01042).Th
e
variation
in
affin
ity
or
in
activity
of
B
2
receptor
an
tagon
ists
could
reflect
th
e
existen
ce
of
species
h
om
ologues
of
B
2
receptors.
N
om
enclature
B
1
receptor
B
2
receptor
H
G
N
C
,U
niProt
BD
KRB1,P46663
BD
KRB2,P30411
Potency
order
ofendogenous
ligands
[des-Arg
10]kallidin
(KN
G
1,P01042)
>
[des-Arg
9]bradykinin
(KN
G
1,P01042)
=
kallidin
(KN
G
1,P01042)
>
bradykinin
(KN
G
1,P01042)
kallidin
(KN
G
1,P01042)
>
bradykinin
(KN
G
1,P01042)≫
[des-Arg
9]bradykinin
(KN
G
1,P01042),[des-Arg
10]kallidin
(KN
G
1,P01042)
Endogenous
agonists
[des-Arg
10]kallidin
(KN
G
1,P01042)
[72,110,919]
–
Selective
agonists
[Sar,D
-Phe 8,des-Arg
9]bradykinin
[919]
[H
yp
3,Tyr(M
e) 8]BK,[Phe 8,ψ
(C
H
2 -N
H
)Arg
9]BK
Antagonists
[Leu
9,des-Arg
10]kallidin
(pK
i 9.1–9.3)
[72,110]
–
Selective
antagonists
B-9958
(pK
i 9.2–10.3)
[630,1642],R-914
(pA
2
8.6)
[650],R-715
(pA
2
8.5)
[651]
icatibant
(pK
i 10.2)
[39],FR173657
(pA
2
8.2)
[1666],anatibant
(pK
i 8.2)
[1608]
Labelled
ligands
[ 125I]H
pp-desArg
10H
O
E140
(pK
d
10),[ 3H
]Lys-[des-Arg
9]BK
(Agonist),
[ 3H
]Lys-[Leu
8][des-Arg
9]BK
(Antagonist)
[ 3H
]BK
(hum
an,m
ouse,rat)
(Agonist)
[2123]–
M
ouse,[ 3H
]N
PC
17731
(Antagonist)
(pK
d
9.1–9.4)
[2211,2212],[ 125I][Tyr 8]bradykinin
(Agonist)
Fu
rth
er
read
in
g
o
n
B
rad
yk
in
in
recep
to
rs
C
am
pos
M
M
et
al.
(2006)
N
on
-peptide
an
tagon
ists
for
kin
in
B1
receptors:
n
ew
in
sigh
ts
in
to
th
eir
th
erapeutic
poten
tialforth
e
m
an
agem
en
tofin
flam
m
ation
an
d
pain
.Trends
Pharm
acol.Sci.27
:
646-51
[PM
ID
:17056130]
D
uch
en
e
J
et
al.
(2009)
Th
e
kin
in
B(1)
receptor
an
d
in
flam
m
ation
:
n
ew
th
erapeutic
target
for
car-
diovascular
disease.
C
urr
O
pin
Pharm
acol9
:125-31
[PM
ID
:19124274]
M
arceau
F
et
al.
(2004)
Bradykin
in
receptor
ligan
ds:
th
erapeutic
perspectives.
N
at
Rev
D
rug
D
iscov
3
:845-52
[PM
ID
:15459675]
PaquetJL
etal.(1999)Ph
arm
acologicalch
aracterization
ofth
e
bradykin
in
B2
receptor:in
ter-species
variability
an
d
dissociation
betw
een
bin
din
g
an
d
fun
ction
al
respon
ses.
Br.
J.Pharm
acol.
126
:
1083-90
[PM
ID
:10204994]
Th
orn
ton
E
et
al.
(2010)
K
in
in
receptor
an
tagon
ists
as
poten
tial
n
europrotective
agen
ts
in
cen
tral
n
ervous
system
in
jury.M
olecules
15
:6598-618
[PM
ID
:20877247]
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C
alcitonin
receptors
G
protein
-coupled
receptors→
C
alciton
in
receptors
O
verview
:
Th
is
receptor
fam
ily
com
prises
a
group
of
recep-
tors
for
th
e
calciton
in
/C
G
R
P
fam
ily
of
peptides.
Th
e
calciton
in
(C
T),
am
ylin
(A
M
Y
),
calciton
in
gen
e-related
peptide
(C
G
R
P)
an
d
adren
om
edullin
(A
M
)
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
C
G
R
P,
A
M
,
A
M
Y
,
an
d
C
T
recep
to
rs
[755,
1600])
are
gen
erated
by
th
e
gen
es
C
A
LC
R
(w
h
ich
codes
for
th
e
C
T
receptor)
an
d
C
A
LC
RL
(w
h
ich
codes
for
th
e
calciton
in
receptor-like
receptor,
C
LR
,
previously
kn
ow
n
as
C
R
LR
).Th
eir
fun
ction
an
d
ph
arm
acology
are
altered
in
th
e
pres-
en
ce
of
R
A
M
Ps
(receptor
activity-m
odifyin
g
protein
s),
w
h
ich
are
sin
gle
TM
dom
ain
protein
s
of
ca.130
am
in
o
acids,iden
tified
as
a
fam
ily
of
th
ree
m
em
bers;R
A
M
P1,R
A
M
P2
an
d
R
A
M
P3.
Th
ere
are
splice
varian
tsofth
e
C
T
receptor;th
ese
in
turn
produce
varian
tsof
th
e
A
M
Y
receptor[1600],som
e
ofw
h
ich
can
be
poten
tly
activated
by
C
G
R
P.
Th
e
en
dogen
ous
agon
ists
are
th
e
peptides
calciton
in
(C
A
LC
A
,P01258),α
-C
G
R
P
(C
A
LC
A
,P06881)
(form
erly
kn
ow
n
as
C
G
R
P-I),β-C
G
R
P
(C
A
LC
B,P10092)
(form
erly
kn
ow
n
as
C
G
R
P-II),
am
ylin
(IA
PP,P10997)(occasion
ally
called
islet-am
yloid
polypep-
tide,
diabetes-associated
polypeptide),
adren
om
edullin
(A
D
M
,
P35318)
an
d
adren
om
edullin
2/in
term
edin
(A
D
M
2,
Q
7Z4H
4).
Th
ere
are
species
differen
ces
in
peptide
sequen
ces,particularly
for
th
e
C
Ts.C
TR
-stim
ulatin
g
peptide
{Pig}(C
R
SP)is
an
oth
er
m
em
ber
of
th
e
fam
ily
w
ith
selectivity
for
th
e
C
T
receptor
but
it
is
n
ot
ex-
pressed
in
h
um
an
s[952].O
lcegepan
t(also
kn
ow
n
asBIBN
4096BS,
pK
i˜10.5)an
d
telcagepan
t
(also
kn
ow
n
as
M
K
0974,pK
i˜9)are
th
e
m
ostselective
an
tagon
ists
available,sh
ow
in
g
selectivity
for
C
G
R
P
receptors,w
ith
a
particular
preferen
ce
for
th
ose
ofprim
ate
origin
.
C
LR
(calciton
in
receptor-like
receptor)
by
itself
bin
ds
n
o
kn
ow
n
en
dogen
ousligan
d,butin
th
e
presen
ce
ofR
A
M
Psitgivesreceptors
for
C
G
R
P,adren
om
edullin
an
d
adren
om
edullin
2/in
term
edin
.
N
om
enclature
C
T
receptor
AM
Y
1
receptor
AM
Y
2
receptor
AM
Y
3
receptor
H
G
N
C
,U
niProt
CALCR,P30988
–
–
–
Subunits
–
C
T
receptor,RAM
P1
(Accessory
protein)
C
T
receptor,RAM
P2
(Accessory
protein)
C
T
receptor,RAM
P3
(Accessory
protein)
Potency
order
ofendogenous
ligands
calcitonin
(salm
on)≥
calcitonin
(CALCA,
P01258)≥
am
ylin
(IAPP,P10997),α
-C
G
RP
(CALCA,P06881)
>
adrenom
edullin
(AD
M
,
P35318),adrenom
edullin
2/interm
edin
(AD
M
2,Q
7Z4H
4)
calcitonin
(salm
on)≥
am
ylin
(IAPP,P10997)
≥
α
-C
G
RP
(CALCA,P06881)
>
adrenom
edullin
2/interm
edin
(AD
M
2,
Q
7Z4H
4)≥
calcitonin
(CALCA,P01258)
>
adrenom
edullin
(AD
M
,P35318)
Poorly
defined
calcitonin
(salm
on)≥
am
ylin
(IAPP,P10997)
>
α
-C
G
RP
(CALCA,P06881)≥
adrenom
edullin
2/interm
edin
(AD
M
2,
Q
7Z4H
4)≥
calcitonin
(CALCA,P01258)
>
adrenom
edullin
(AD
M
,P35318)
Endogenous
agonists
calcitonin
(CALCA,P01258)
[32,62,752,
1080,1153,1396]
α
-C
G
RP
(CALCA,P06881)
[752,1079,1080,
1153,2057],am
ylin
(IAPP,P10997)
[643]
am
ylin
(IAPP,
P10997)
[643]
am
ylin
(IAPP,P10997)
[643]
Sub/fam
ily-selective
agonists
pram
lintide
[643]
pram
lintide
[643]
–
pram
lintide
[643]
Sub/fam
ily-selective
antagonists
C
T-(8-32)
(salm
on)
(pK
d
9)
[793],AC
187
(pK
i 7.2)
[752]
AC
187
(pK
i 8)
[752],C
T-(8-32)
(salm
on)
(pK
i 7.8)[752],olcegepant(pK
d
7.2)[2057]
–
C
T-(8-32)
(salm
on)
(pK
i 7.9)
[752],AC
187
(pK
i 7.7)
[752]
Labelled
ligands
[ 125I]C
T
(hum
an)
(Agonist),
[ 125I]C
T
(salm
on)
(Agonist)
[ 125I]α
C
G
RP
(hum
an)
(Agonist),
[ 125I]BH
-AM
Y
(rat,m
ouse)
(Agonist)
[ 125I]BH
-AM
Y
(rat,
m
ouse)
(Agonist)
[ 125I]BH
-AM
Y
(rat,m
ouse)
(Agonist)
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N
om
enclature
calcitonin
receptor-like
receptor
C
G
RP
receptor
AM
1
receptor
AM
2
receptor
H
G
N
C
,U
niProt
CALCRL,Q
16602
–
–
–
Subunits
–
calcitonin
receptor-like
receptor,RAM
P1
(Accessory
protein)
calcitonin
receptor-like
receptor,RAM
P2
(Accessory
protein)
calcitonin
receptor-like
receptor,RAM
P3
(Accessory
protein)
Potency
order
ofendogenous
ligands
–
α
-C
G
RP
(CALCA,P06881)
>
adrenom
edullin
(AD
M
,P35318)≥
adrenom
edullin
2/interm
edin
(AD
M
2,Q
7Z4H
4)
>
am
ylin
(IAPP,P10997)≥
calcitonin
(salm
on)
adrenom
edullin
(AD
M
,P35318)
>
adrenom
edullin
2/interm
edin
(AD
M
2,Q
7Z4H
4)
>
α
-C
G
RP
(CALCA,P06881),am
ylin
(IAPP,
P10997)
>
calcitonin
(salm
on)
adrenom
edullin
(AD
M
,P35318)≥
adrenom
edullin
2/interm
edin
(AD
M
2,Q
7Z4H
4)
≥
α
-C
G
RP
(CALCA,P06881)
>
am
ylin
(IAPP,
P10997)
>
calcitonin
(salm
on)
Endogenous
agonists
–
β-C
G
RP
(CALCB,P10092)
[21,1313],α
-C
G
RP
(CALCA,P06881)
[21,1313]
adrenom
edullin
(AD
M
,P35318)
[21,1313]
adrenom
edullin
(AD
M
,P35318)
[21,568]
Antagonists
–
olcegepant
(pK
i 10.7–11)
[462,753,754,929,
1256],telcagepant
(pK
i 9.1)
[1706]
–
–
Sub/fam
ily-selective
antagonists
–
–
AM
-(22-52)
(hum
an)
(pK
i 7–7.8)
[754]
–
Labelled
ligands
–
[ 125I]α
C
G
RP
(hum
an)
(Agonist),
[ 125I]α
C
G
RP
(m
ouse,rat)
(Agonist)
[ 125I]AM
(rat)
(Agonist)
[ 125I]AM
(rat)
(Agonist)
C
o
m
m
en
ts:It
is
im
portan
t
to
n
ote
th
at
a
com
plication
w
ith
th
e
in
terpretation
of
ph
arm
acological
studies
w
ith
A
M
Y
receptors
in
tran
sfected
cells
is
th
at
m
ost
of
th
is
w
ork
h
as
likely
used
a
m
ixed
population
ofreceptors,en
com
passin
g
R
A
M
P-coupled
C
TR
asw
ell
as
C
TR
alon
e.Th
is
m
ean
s
th
at
alth
ough
in
bin
din
g
assays
h
um
an
calciton
in
(C
A
LC
A
,P01258)h
as
low
affin
ity
for
125I-A
M
Y
bin
din
g
sites,
cells
tran
sfected
w
ith
C
TR
an
d
R
A
M
Ps
can
display
poten
t
C
T
fun
ction
al
respon
ses.
Tran
sfection
of
h
um
an
C
TR
w
ith
an
y
R
A
M
P
can
gen
erate
receptors
w
ith
a
h
igh
affin
ity
for
both
salm
on
C
T
an
d
A
M
Y
an
d
varyin
g
affin
ity
for
differen
t
an
tagon
ists
[353,
752,
753].
Th
e
m
ajor
h
um
an
C
TR
splice
varian
t
(h
C
T
(a) ,
w
h
ich
does
n
ot
con
tain
an
in
sert)
w
ith
R
A
M
P1
(i.e.
th
e
A
M
Y
1(a)
recep-
tor)h
as
a
h
igh
affin
ity
forC
G
R
P
[2057],un
like
h
C
T
(a) -R
A
M
P3
(i.e.
A
M
Y
3(a)
receptor)
[353,
752].
A
ction
s
of
C
G
R
P
at
A
M
Y
(an
d
th
e
A
M
2)receptors
led
to
proposalsfora
C
G
R
P2
receptorin
early
liter-
ature
[755].H
ow
ever,th
e
A
M
Y
receptor
ph
en
otype
is
R
A
M
P-type,
splice
varian
t
an
d
cell-lin
e-depen
den
t
[1376,1614,1964].
Th
e
ligan
ds
described
h
ave
lim
ited
selectivity.
A
dren
om
edullin
h
as
appreciable
affin
ity
for
C
G
R
P
receptors.
C
G
R
P
can
sh
ow
sign
ifican
t
cross-reactivity
at
A
M
Y
receptors
an
d
A
M
2
receptors.
A
dren
om
edullin
2/in
term
edin
also
h
as
h
igh
affin
ity
for
th
e
A
M
2
receptor
[818].
C
G
R
P-(8-37)
acts
as
an
an
tagon
ist
of
C
G
R
P
(pK
i ˜
8)
an
d
in
h
ibits
som
e
A
M
an
d
A
M
Y
respon
ses
(pK
i ˜6-7).It
is
w
eak
at
C
T
receptors.
H
um
an
A
M
-(22-52)
h
as
som
e
selectivity
tow
ards
A
M
receptors,
but
w
ith
m
odest
poten
cy
(pK
i ˜7),
lim
itin
g
its
use
[754].O
lcegepan
tsh
ow
s
th
e
greatestselectivity
betw
een
receptors
but
stillh
as
sign
ifican
t
affin
ity
for
A
M
Y
1
receptors
[2057].
G
s
is
a
prom
in
en
troute
for
effector
couplin
g
for
C
LR
an
d
C
TR
but
oth
er
path
w
ays
(e.g.
C
a 2+,ER
K
,A
kt),an
d
G
protein
s
can
be
acti-
vated
[2056].Th
ere
is
eviden
ce
th
atC
G
R
P-R
C
P
(a
148
am
in
o-acid
h
ydroph
ilic
protein
,
A
SL
(P04424)
is
im
portan
t
for
th
e
couplin
g
of
C
LR
to
aden
ylylcyclase
[524].
[ 125I]-Salm
on
C
T
is
th
e
m
ost
com
m
on
radioligan
d
for
C
T
recep-
tors
but
it
h
as
h
igh
affin
ity
for
A
M
Y
receptors
an
d
is
also
poorly
reversible.
[ 125I]-Tyr 0-C
G
R
P
is
w
idely
used
as
a
radioligan
d
for
C
G
R
P
receptors.
Fu
rth
er
read
in
g
o
n
C
alcito
n
in
recep
to
rs
Booe
JM
et
al.
(2015)
StructuralBasis
for
R
eceptor
A
ctivity-M
odifyin
g
Protein
-D
epen
den
t
Selective
Peptide
R
ecogn
ition
by
a
G
Protein
-C
oupled
R
eceptor.M
ol.C
ell58
:1040-52
[PM
ID
:25982113]
H
ay
D
L
etal.(2015)A
m
ylin
:Ph
arm
acology,Ph
ysiology,an
d
C
lin
icalPoten
tial.Pharm
acol.Rev.67
:
564-600
[PM
ID
:26071095]
H
ay
D
L
etal.(2016)
R
eceptor
A
ctivity-M
odifyin
g
Protein
s
(R
A
M
Ps):N
ew
In
sigh
ts
an
d
R
oles.A
nnu.
Rev.Pharm
acol.Toxicol.56
:469-87
[PM
ID
:26514202]
K
ato
J
et
al.
(2015)
Ben
ch
-to-bedside
ph
arm
acology
of
adren
om
edullin
.
Eur.
J.
Pharm
acol.
764
:
140-8
[PM
ID
:26144371]
R
ussellFA
et
al.
(2014)
C
alciton
in
gen
e-related
peptide:
ph
ysiology
an
d
path
oph
ysiology.
Physiol.
Rev.94
:1099-142
[PM
ID
:25287861]
R
usso
A
F.
(2015)
C
alciton
in
gen
e-related
peptide
(C
G
R
P):
a
n
ew
target
for
m
igrain
e.
A
nnu.
Rev.
Pharm
acol.Toxicol.55
:533-52
[PM
ID
:25340934]
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C
alcium
-sensing
receptor
G
protein
-coupled
receptors→
C
alcium
-sen
sin
g
receptor
O
verview
:
Th
e
calcium
-sen
sin
g
receptor
(C
aS,
p
ro
visio
n
al
n
o
m
en
clatu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[557])
respon
ds
to
m
ultiple
en
dogen
ous
ligan
ds,
in
cludin
g
extracel-
lular
calcium
an
d
oth
er
divalen
t/trivalen
t
cation
s,
polyam
in
es
an
d
polycation
ic
peptides,
L-am
in
o
acids
(particularly
L-Trp
an
d
L-Ph
e),
glutath
ion
e
an
d
various
peptide
an
alogues,
ion
ic
stren
gth
an
d
extracellular
pH
(review
ed
in
[1122]).
W
h
ile
diva-
len
t/trivalen
t
cation
s,polyam
in
es
an
d
polycation
s
are
C
aS
recep-
tor
agon
ists
[234,
1618],
L-am
in
o
acids,
glutam
yl
peptides,
ion
ic
stren
gth
an
d
pH
are
allosteric
m
odulators
of
agon
ist
fun
ction
[375,
557,
803,
1616,
1617].
In
deed,
L-am
in
o
acids
h
ave
been
iden
tified
as
"co-agon
ists",
w
ith
both
con
com
itan
t
calcium
an
d
L-am
in
o
acid
bin
din
g
required
for
full
receptor
activation
[623,
2205].
Th
e
sen
sitivity
of
th
e
C
aS
receptor
to
prim
ary
agon
ists
is
in
creased
by
elevated
extracellular
pH
[270]or
decreased
extracel-
lular
ion
ic
stren
gth
[1617].
Th
is
receptor
bears
n
o
sequen
ce
or
structuralrelation
to
th
e
plan
t
calcium
receptor,also
called
C
aS.
N
om
enclature
C
aS
receptor
H
G
N
C
,U
niProt
CASR,P41180
Am
ino-acid
rank
orderofpotency
L-phenylalanine,L-tryptophan,L-histidine
>
L-alanine
>
L-serine,L-proline,L-glutam
ic
acid
>
L-aspartic
acid
(not
L-lysine,L-arginine,L-leucine
and
L-isoleucine)
[375]
C
ation
rank
order
ofpotency
G
d
3+
>
C
a 2+
>
M
g
2+
[234]
G
lutam
ylpeptide
rank
order
of
potency
S-m
ethylglutathione≈
γG
lu-Val-G
ly
>
glutathione
>
γG
lu-C
ys
[226,1498,2068]
Polyam
ine
rank
order
ofpotency
sperm
ine
>
sperm
idine
>
putrescine
[1618]
Allosteric
m
odulators
ATF
936
(N
egative)
(pIC
50
8.9)
[2109],encaleret
(N
egative)
(pIC
50
7.9)
[1795],SB-423562
(N
egative)
(pIC
50
7.1)
[1074],ronacaleret
(N
egative)
(pIC
50
6.5–6.8)
[92],
N
PS
2143
(N
egative)
(pK
B
6.2–6.7)
[418,1120,1123],cinacalcet(Positive)
(pK
B
5.9–6.6)
[378,418,1120,1123],tecalcet
(Positive)
(pK
B
6.2–6.6)
[378,418],AC
265347
(Positive)
(pK
B
6.3–6.4)
[378,1120],calhex
231
(N
egative)
(pIC
50
6.4)
[1569],calindol(Positive)
(pK
B
6.3)
[378]
C
o
m
m
en
ts:
Th
e
C
aS
receptor
h
as
a
n
um
ber
of
ph
ysiological
fun
ction
s,
but
it
is
best
kn
ow
n
for
its
cen
tral
role
in
parath
y-
roid
an
d
ren
al
regulation
of
extracellular
calcium
h
om
eostasis
[728].
Th
is
is
seen
m
ost
clearly
in
patien
ts
w
ith
loss-of-fun
ction
C
aS
receptor
m
utation
s
w
h
o
develop
fam
ilial
h
ypocalciuric
h
ypercalcaem
ia
(h
eterozygous
m
utation
s)
or
n
eon
atal
severe
h
yperparath
yroidism
(h
eterozygous,
com
poun
d
h
eterozygous
or
h
om
ozygous
m
utation
s)
[728]
an
d
in
C
asr
n
ull
m
ice
[307,
803],
w
h
ich
exh
ibit
sim
ilar
in
creases
in
PTH
secretion
an
d
blood
cal-
cium
levels.
G
ain
-of-fun
ction
C
aS
m
utation
s
are
associated
w
ith
autosom
aldom
in
an
th
ypocalcaem
ia
an
d
Barttersyn
drom
e
type
V
[728].
Th
e
C
aS
receptorprim
arily
couplesto
G
q/11 ,G
12/13
an
d
G
i/o
[418,
634,
836,
1954],
but
in
som
e
cell
types
can
couple
to
G
s
[1258].
H
ow
ever,
th
e
C
aS
receptor
can
form
h
eterom
ers
w
ith
C
lass
C
G
A
BA
B
[308,
327]
an
d
m
G
lu1/5
receptors
[595],
w
h
ich
m
ay
in
-
troduce
furth
er
com
plexity
in
its
sign
allin
g
capabilities.
M
ultiple
oth
er
sm
allm
olecule
ch
em
otypes
are
positive
an
d
n
ega-
tive
allosteric
m
odulators
ofth
e
C
aS
receptor[980,1441].Furth
er,
etelcalcetide
is
a
n
ovelpeptide
agon
ist
ofth
e
receptor
[2059].A
g-
on
ists
an
d
positive
allosteric
m
odulators
of
th
e
C
aS
receptor
are
term
ed
Type
Ian
d
IIcalcim
im
etics,respectively,an
d
can
suppress
parath
yroid
h
orm
on
e
(PTH
(PTH
,P01270))secretion
[1443].N
eg-
ative
allosteric
m
odulators
are
called
calcilytics
an
d
can
act
to
in
-
crease
PTH
(PTH
,P01270)
secretion
[1442].
W
h
ere
fun
ction
al
pK
B
values
are
provided
for
allosteric
m
odu-
lators,
th
is
refers
to
ligan
d
affin
ity
determ
in
ed
in
an
assay
th
at
m
easures
a
fun
ction
al
readout
of
receptor
activity
(i.e.
a
receptor
sign
allin
g
assay),
as
opposed
to
affin
ity
determ
in
ed
in
a
radioli-
gan
d
bin
din
g
assay.Th
e
fun
ction
alpK
B
m
ay
differ
depen
din
g
on
th
e
sign
allin
g
path
w
ay
studied.
C
on
sult
th
e
’M
ore
detailed
page’
for
th
e
assay
description
,as
w
ellas
oth
er
fun
ction
alreadouts.
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Fu
rth
er
read
in
g
o
n
C
alciu
m
-sen
sin
g
recep
to
r
Breitw
ieser
G
E.(2012)
M
in
ireview
:
th
e
in
tim
ate
lin
k
betw
een
calcium
sen
sin
g
receptor
traffickin
g
an
d
sign
alin
g:
im
plication
s
for
disorders
of
calcium
h
om
eostasis.
M
ol.
Endocrinol.26
:
1482-95
[PM
ID
:22745192]
Brow
n
EM
.(2013)
R
ole
of
th
e
calcium
-sen
sin
g
receptor
in
extracellular
calcium
h
om
eostasis.
Best
Pract.Res.C
lin.Endocrinol.M
etab.27
:333-43
[PM
ID
:23856263]
C
on
igrave
A
D
et
al.
(2013)
C
alcium
-sen
sin
g
receptor
(C
aSR
):
ph
arm
acological
properties
an
d
sig-
n
alin
g
path
w
ays.
BestPract.Res.C
lin.Endocrinol.M
etab.27
:315-31
[PM
ID
:23856262]
N
em
eth
EF
et
al.
(2013)
C
alcim
im
etic
an
d
calcilytic
drugs
for
treatin
g
bon
e
an
d
m
in
eral-related
disorders.BestPract.Res.C
lin.Endocrinol.M
etab.27
:373-84
[PM
ID
:23856266]
C
annabinoid
receptors
G
protein
-coupled
receptors→
C
an
n
abin
oid
receptors
O
verview
:
C
an
n
abin
oid
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
C
an
n
ab
in
o
id
R
ecep
to
rs
[1564])
are
activated
by
en
-
dogen
ous
ligan
ds
th
at
in
clude
N
-arach
idon
oyleth
an
olam
in
e
(an
an
dam
ide),
N
-h
om
o-γ-lin
olen
oyleth
an
olam
in
e,
N
-docosatetra-7,10,13,16-en
oyleth
an
olam
in
e
an
d
2-arach
idon
oylglycerol.
Poten
cy
determ
in
ation
s
of
en
dogen
ous
agon
ists
at
th
ese
receptors
are
com
plicated
by
th
e
possibility
of
differen
tial
susceptibility
of
en
dogen
ous
ligan
ds
to
en
zym
atic
con
version
[35].
Th
ere
are
curren
tly
th
ree
licen
ced
can
n
abin
oid
m
edicin
es
each
of
w
h
ich
con
tain
s
a
com
poun
d
th
at
can
activate
C
B
1
an
d
C
B
2
re-
ceptors
[1562].
Tw
o
of
th
ese
m
edicin
es
w
ere
developed
to
sup-
press
n
ausea
an
d
vom
itin
g
produced
by
ch
em
oth
erapy.
Th
ese
are
n
abilon
e
(C
esam
et®
),
a
syn
th
etic
C
B
1 /C
B
2
receptor
ago-
n
ist,
an
d
syn
th
etic
$
9-tetrah
ydrocan
n
abin
ol
(M
arin
ol®
;
dron
-
abin
ol),w
h
ich
can
also
be
used
asan
appetite
stim
ulan
t.Th
e
th
ird
m
edicin
e,
Sativex®
,
con
tain
s
m
ain
ly
$
9-tetrah
ydrocan
n
abin
ol
an
d
can
n
abidiol,
both
extracted
from
can
n
abis,
an
d
is
used
to
treat
m
ultiple
sclerosis
an
d
can
cer
pain
.
N
om
enclature
C
B
1
receptor
C
B
2
receptor
H
G
N
C
,U
niProt
CN
R1,P21554
CN
R2,P34972
Agonists
cannabinol(Partialagonist)
[535,1801]
–
Sub/fam
ily-selective
agonists
H
U
-210
[535,1801],C
P55940
[535,1676,1801],W
IN
55212-2
[535,1798,1801],
$
9-tetrahydrocannabinol(Partialagonist)
[535,1801]
H
U
-210
[535,1653,1801],W
IN
55212-2
[535,1798,1801],C
P55940
[535,1676,
1801],$
9-tetrahydrocannabinol(Partialagonist)
[113,535,1653,1801]
Selective
agonists
arachidonyl-2-chloroethylam
ide
[791]–
Rat,arachidonylcyclopropylam
ide
[791]–
Rat,
O
-1812
[443]–
Rat,R-(+)-m
ethanandam
ide
[976]–
Rat
JW
H
-133
[844,1563],L-759,633
[607,1676],AM
1241
[2175],L-759,656
[607,
1676],H
U
-308
[734]
Selective
antagonists
rim
onabant
(pK
i 7.9–8.7)
[534,535,1660,1687,1801],AM
251
(pK
i 8.1)
[1094]–
Rat,AM
281
(pK
i 7.9)
[1093]–
Rat,LY320135
(pK
i 6.9)
[534]
SR144528
(pK
i 8.3–9.2)
[1661,1676],AM
-630
(pK
i 7.5)
[1676]
Allosteric
m
odulators
G
AT100
(N
egative)
(pEC
50
7.7)
[1070],ZC
Z011
(Positive)
(pEC
50
6.3)
[857]–
M
ouse,
cannabidiol(N
egative)
[1100]
–
Labelled
ligands
[ 3H
]rim
onabant
(Antagonist)
(pK
d
8.9–10)
[211,799,932,1568,1662,1811,1948]
–
Rat
–
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database:http://w
w
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C
o
m
m
en
ts:
Both
C
B
1
an
d
C
B
2
receptors
m
ay
be
labelled
w
ith
[ 3H
]C
P55940
(0.5
n
M
;
[1801])
an
d
[ 3H
]W
IN
55212-2
(2–2.4
n
M
;
[1826,
1852]).
A
n
an
dam
ide
is
also
an
agon
ist
at
van
illoid
recep-
tors
(TR
PV
1)
an
d
PPA
R
s
[1484].Th
ere
is
eviden
ce
for
an
allosteric
site
on
th
e
C
B
1
receptor
[1603].
A
ll
ofth
e
com
poun
ds
listed
as
an
tagon
ists
beh
ave
as
in
verse
agon
ists
in
som
e
bioassay
system
s
[1564].Forsom
e
can
n
abin
oid
receptorligan
ds,addition
alph
arm
a-
cologicaltargets
th
atin
clude
G
PR
55
an
d
G
PR
119
h
ave
been
iden
-
tified
[1564].
M
oreover,
G
PR
18,G
PR
55
an
d
G
PR
119,
alth
ough
sh
ow
in
g
little
structural
sim
ilarity
to
C
B
1
an
d
C
B
2
receptors,
re-
spon
d
to
en
dogen
ous
agen
ts
th
at
are
structurally
sim
ilar
to
th
e
en
dogen
ous
can
n
abin
oid
ligan
ds
[1564].
Fu
rth
er
read
in
g
o
n
C
an
n
ab
in
o
id
recep
to
rs
H
ow
lett
A
C
et
al.
(2002)
In
tern
ation
al
U
n
ion
of
Ph
arm
acology.
X
X
V
II.C
lassification
of
can
n
abi-
n
oid
receptors.Pharm
acol.Rev.54
:161-202
[PM
ID
:12037135]
Pertw
ee
R
G
.
(2010)
R
eceptors
an
d
ch
an
n
els
targeted
by
syn
th
etic
can
n
abin
oid
receptor
agon
ists
an
d
an
tagon
ists.
C
urr.M
ed.C
hem
.17
:1360-81
[PM
ID
:20166927]
Pertw
ee
R
G
etal.(2010)In
tern
ation
alU
n
ion
ofBasic
an
d
C
lin
icalPh
arm
acology.LX
X
IX
.C
an
n
abi-
n
oid
receptors
an
d
th
eir
ligan
ds:
beyon
d
C
B1
an
d
C
B2.
Pharm
acol.
Rev.
62
:
588-631
[PM
ID
:21079038]
C
hem
erin
receptor
G
protein
-coupled
receptors→
C
h
em
erin
receptor
O
verview
:
Th
e
ch
em
erin
receptor
(n
o
m
en
clatu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[414])
is
activated
by
th
e
lipid-derived,
an
ti-in
flam
m
atory
ligan
d
resolvin
E1
(R
vE1),
w
h
ich
is
th
e
result
of
sequen
tialm
etabolism
ofEPA
by
aspirin
-m
odified
cyclooxygen
ase
an
d
lipoxygen
ase
[60,61].In
addition
,tw
o
G
PC
R
s
for
resolvin
D
1
(R
vD
1)h
ave
been
iden
tified,FPR
2/A
LX
,th
e
lipoxin
A
4
receptor,an
d
G
PR
32,an
orph
an
receptor
[1052].
N
om
enclature
chem
erin
receptor
H
G
N
C
,U
niProt
CM
KLR1,Q
99788
Potency
order
ofendogenous
ligands
resolvin
E1
>
chem
erin
C
-term
inalpeptide
>
18R-H
EPE
>
EPA
[60]
Selective
agonists
resolvin
E1
Labelled
ligands
[ 3H
]resolvin
E1
(Agonist)
[60,61]
C
o
m
m
en
ts:C
C
X
832
(structure
n
ot
disclosed)
is
a
selective
an
tagon
ist,pK
i =9.2
[969].
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C
hem
okine
receptors
G
protein
-coupled
receptors→
C
h
em
okin
e
receptors
O
verview
:
C
h
em
okin
e
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
C
h
em
o
k
in
e
R
ecep
-
to
rs
[81,
1402,
1403])
com
prise
a
large
subfam
ily
of
7TM
pro-
tein
s
th
at
bin
d
on
e
or
m
ore
ch
em
okin
es,
a
large
fam
ily
of
sm
all
cytokin
es
typically
possessin
g
ch
em
otactic
activity
forleukocytes.
C
h
em
okin
e
receptors
can
be
divided
by
fun
ction
in
to
tw
o
m
ain
groups:
G
protein
-coupled
ch
em
okin
e
receptors,
w
h
ich
m
ediate
leukocyte
traffickin
g,an
d
"A
typicalch
em
okin
e
receptors",w
h
ich
m
ay
sign
al
th
rough
n
on
-G
protein
-coupled
m
ech
an
ism
s
an
d
act
as
ch
em
okin
e
scaven
gers
to
dow
n
regulate
in
flam
m
ation
or
sh
ape
ch
em
okin
e
gradien
ts
[81].
C
h
em
okin
es
in
turn
can
be
divided
by
structure
in
to
four
sub-
classes
by
th
e
n
um
ber
an
d
arran
gem
en
t
of
con
served
cystein
es.
C
C
(also
kn
ow
n
as
β-ch
em
okin
es;
n=
28),
C
X
C
(also
kn
ow
n
as
α
-ch
em
okin
es;n=
17)
an
d
C
X
3C
(n=
1)
ch
em
okin
es
allh
ave
four
con
served
cystein
es,w
ith
zero,on
e
an
d
th
ree
am
in
o
acidsseparat-
in
g
th
e
first
tw
o
cystein
es
respectively.
C
ch
em
okin
es
(n=
2)
h
ave
on
ly
th
e
secon
d
an
d
fourth
cystein
es
foun
d
in
oth
er
ch
em
okin
es.
C
h
em
okin
es
can
also
be
classified
by
fun
ction
in
to
h
om
eostatic
an
d
in
flam
m
atory
subgroups.
M
ost
ch
em
okin
e
receptors
are
able
to
bin
d
m
ultiple
h
igh
-affin
ity
ch
em
okin
e
ligan
ds,but
th
e
ligan
ds
for
a
given
receptor
are
alm
ost
alw
ays
restricted
to
th
e
sam
e
struc-
tural
subclass.
M
ost
ch
em
okin
es
bin
d
to
m
ore
th
an
on
e
recep-
tor
subtype.R
eceptors
for
in
flam
m
atory
ch
em
okin
es
are
typically
h
igh
ly
prom
iscuousw
ith
regard
to
ligan
d
specificity,an
d
m
ay
lack
a
selective
en
dogen
ous
ligan
d.
G
protein
-coupled
ch
em
okin
e
re-
ceptors
are
n
am
ed
acccordin
g
to
th
e
class
of
ch
em
okin
es
boun
d,
w
h
ereas
A
C
K
R
is
th
e
root
acron
ym
for
atypical
ch
em
okin
e
re-
ceptors
[82].
Listed
are
th
ose
h
um
an
agon
ists
w
ith
EC
50
values
<
50n
M
in
eith
erC
a 2+
flux
orch
em
otaxis
assays
ath
um
an
recom
-
bin
an
tG
protein
-coupled
ch
em
okin
e
receptorsexpressed
in
m
am
-
m
alian
celllin
es.Th
ere
can
be
substan
tialcross-speciesdifferen
ces
in
th
e
sequen
ces
of
both
ch
em
okin
es
an
d
ch
em
okin
e
receptors,
an
d
in
th
e
ph
arm
acology
an
d
biology
ofch
em
okin
e
receptors.En
-
dogen
ous
an
d
m
icrobial
n
on
-ch
em
okin
e
ligan
ds
h
ave
also
been
iden
tified
for
ch
em
okin
e
receptors.
M
an
y
ch
em
okin
e
receptors
fun
ction
as
H
IV
co-receptors,
but
C
C
R
5
is
th
e
on
ly
on
e
dem
on
-
strated
to
play
an
essen
tialrole
in
H
IV
/A
ID
S
path
ogen
esis.Th
e
ta-
bles
in
clude
both
stan
dard
ch
em
okin
e
receptor
n
am
es
[2191]an
d
aliases.
N
um
erical
data
quoted
are
typically
pK
i
or
pIC
50
values
from
radioligan
d
bin
din
g
to
h
eterologously
expressed
receptors.
N
om
enclature
C
C
R1
C
C
R2
C
C
R3
H
G
N
C
,U
niProt
CCR1,P32246
CCR2,P41597
CCR3,P51677
Endogenous
agonists
C
C
L3
(CCL3,P10147)
[342,370,783,2228],C
C
L23
(CCL23,P55773)
[342],C
C
L5
(CCL5,P13501)
[370,
783],C
C
L7
(CCL7,P80098)
[342,703],C
C
L15
(CCL15,
Q
16663)
[387],C
C
L14
(CCL14,Q
16627)
[342],C
C
L13
(CCL13,Q
99616),C
C
L8
(CCL8,P80075)
C
C
L2
(CCL2,P13500)
[387,1224,1347,1533,
1996],C
C
L13
(CCL13,Q
99616)
[1224,1996],
C
C
L7
(CCL7,P80098)
[387,1224,1996],C
C
L11
(CCL11,P51671)
(Partialagonist)
[1224,1533],
C
C
L16
(CCL16,O
15467)
C
C
L13
(CCL13,Q
99616)
[1385,1996],C
C
L24
(CCL24,O
00175)
[1385,1533],C
C
L5
(CCL5,P13501)
[409],C
C
L7
(CCL7,P80098)
[409],C
C
L11
(CCL11,P51671)
[480,1009,1385,1700,1996],
C
C
L26
(CCL26,Q
9Y258)
[1009,1385,1533],C
C
L15
(CCL15,
Q
16663)
[387],C
C
L28
(CCL28,Q
9N
RJ3),C
C
L8
(CCL8,P80075)
Agonists
–
–
C
C
L11
{M
ouse}
[409]
Endogenous
antagonists
C
C
L4
(CCL4,P13236)
(pK
i 7.1–7.8)
[342,370]
C
C
L26
(CCL26,Q
9Y258)
(pIC
50
8.5)
[1533]
C
X
C
L10
(CXCL10,P02778),C
X
C
L11
(CXCL11,O
14625),C
X
C
L9
(CXCL9,Q
07325)
Selective
antagonists
BX
471
(pK
i 8.2–9)
[1164],com
pound
2b-1
(pIC
50
8.7)
[1429],U
C
B35625
(pIC
50
8)
[1700],C
P-481,715
(pK
d
8)
[646]
G
SK
C
om
pound
34
(pK
i 7.6)
banyu
(I)
(Inverse
agonist)
(pK
i 8.5)
[2063],SB328437
(pK
i 8.4),
BM
S
com
pound
87b
(pK
i 8.1)
[2048]
Labelled
ligands
[ 125I]C
C
L7
(hum
an)
(Agonist)
[131],
[ 125I]C
C
L3
(hum
an)
(Agonist)
[131,656,1719],
[ 125I]C
C
L5
(hum
an)
(Agonist)
[1719]
[ 125I]C
C
L2
(hum
an)
(Agonist),
[ 125I]C
C
L7
(hum
an)
(Agonist)
[ 125I]C
C
L11
(hum
an)
(Antagonist)
(pK
d
8.3)
[2063],
[ 125I]C
C
L5
(hum
an)
(Agonist),[ 125I]C
C
L7
(hum
an)
(Agonist)
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N
om
enclature
C
C
R4
C
C
R5
C
C
R6
C
C
R7
C
C
R8
C
C
R9
C
C
R10
H
G
N
C
,U
niProt
CCR4,P51679
CCR5,P51681
CCR6,P51684
CCR7,P32248
CCR8,P51685
CCR9,P51686
CCR10,P46092
Endogenous
agonists
C
C
L22
(CCL22,
O
00626)
[862],
C
C
L17
(CCL17,
Q
92583)
[862]
C
C
L5
(CCL5,P13501)
[78,1424,
1685],C
C
L4
(CCL4,P13236)
[1424,
1685],C
C
L8
(CCL8,P80075)
[1685],
C
C
L3
(CCL3,P10147)
[1424,1685,
2228],C
C
L11
(CCL11,P51671)
[161],C
C
L2
(CCL2,P13500)
[1424],
C
C
L14
(CCL14,Q
16627)
[1424],
C
C
L16
(CCL16,O
15467)
C
C
L20
(CCL20,
P78556)
[20,77,
1598],
beta-defensin
4A
(D
EFB4A
D
EFB4B,
O
15263)
[2169]
C
C
L21
(CCL21,
O
00585)
[2189],
C
C
L19
(CCL19,
Q
99731)
[1517,
2188,2189]
C
C
L1
(CCL1,
P22362)
[403,745,
863],C
C
L8
{M
ouse}
–
M
ouse
C
C
L25
(CCL25,
O
15444)
C
C
L27
(CCL27,
Q
9Y4X
3)
[816],
C
C
L28
(CCL28,
Q
9N
RJ3)
Agonists
vM
IP-III
R5-H
IV-1
gp120
–
–
vM
IP-I[403,863]
–
–
Endogenous
antagonists
–
C
C
L7
(CCL7,P80098)
(pK
i 7.5)
[1424]
–
–
–
–
–
Antagonists
–
vicriviroc
(pK
i 9.1)
[1879],ancriviroc
(pK
i 7.8–8.7)
[1237,1523,1879]
–
–
–
–
–
Selective
antagonists
com
pound
8ic
(pIC
50
7.7)
[2186],
plerixafor
(pIC
50
6.2)
[577]
E913
(pIC
50
8.7)
[1238],aplaviroc
(pK
i 8.5)
[1237],m
araviroc
(pIC
50
8.1)
[1424],TAK-779
(pK
i 7.5)
[1237],M
RK-1
[1073]–
Rat
–
–
vM
C
C
-I(pIC
50
9.4)
[403]
–
–
Selective
allosteric
m
odulators
–
–
–
–
–
vercirnon
(Antagonist)
(pIC
50
8.2)
[2060]
–
Antibodies
m
ogam
ulizum
ab
(Inhibition)
[54,
1799]
–
–
–
–
–
–
Labelled
ligands
[ 125I]C
C
L17
(hum
an)(Agonist),
[ 125I]C
C
L27
(hum
an)
(Agonist)
[ 125I]C
C
L4
(hum
an)
(Agonist)
[1424],[ 125I]C
C
L3
(hum
an)
(Agonist),[ 125I]C
C
L5
(hum
an)
(Agonist),[ 125I]C
C
L8
(hum
an)
(Agonist)
[ 125I]C
C
L20
(hum
an)
(Agonist)
[675]
[ 125I]C
C
L19
(hum
an)
(Agonist),
[ 125I]C
C
L21
(hum
an)
(Agonist)
[899]
[ 125I]C
C
L1
(hum
an)
(Agonist)
[863,
1671]
[ 125I]C
C
L25
(hum
an)
(Agonist)
–
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N
om
enclature
C
X
C
R1
C
X
C
R2
C
X
C
R3
C
X
C
R4
C
X
C
R5
C
X
C
R6
C
X
3 C
R1
H
G
N
C
,U
niProt
CXCR1,P25024
CXCR2,P25025
CXCR3,P49682
CXCR4,P61073
CXCR5,P32302
CXCR6,O
00574
CX3CR1,P49238
Endogenous
agonists
C
X
C
L8
(CXCL8,
P10145)
[145,711,
1133,2121,2137],
C
X
C
L6
(CXCL6,
P80162)
[2141]
C
X
C
L1
(CXCL1,P09341)
[711,1133,
2137],C
X
C
L8
(CXCL8,P10145)[145,
711,1133,2121,2137],C
X
C
L7
(PPBP,P02775)
[18],C
X
C
L3
(CXCL3,
P19876)
[18],C
X
C
L2
(CXCL2,
P19875)
[18],C
X
C
L5
(CXCL5,
P42830)
[18],C
X
C
L6
(CXCL6,
P80162)
[2141]
C
X
C
L11
(CXCL11,
O
14625)
[768],
C
X
C
L10
(CXCL10,
P02778)
[768,2093],
C
X
C
L9
(CXCL9,
Q
07325)
[768,2093]
C
X
C
L12α
(CXCL12,
P48061)
[782,
1202],C
X
C
L12β
(CXCL12,P48061)
[782]
C
X
C
L13
(CXCL13,
O
43927)
[103]
C
X
C
L16
(CXCL16,
Q
9H
2A7)
[2116]
C
X
3 C
L1
(CX3CL1,
P78423)
[608]
Agonists
vC
X
C
L1
[1223],
H
IV-1
m
atrix
protein
p17
[637]
vC
X
C
L1
[1223],
H
IV-1
m
atrix
protein
p17
[637]
–
–
–
–
–
Selective
agonists
–
–
–
ALX
40-4C
(Partial
agonist)
[2213],
X
4-H
IV-1
gp120
–
–
–
Endogenous
antagonists
–
–
C
C
L11
(CCL11,
P51671)
(pK
i 7.2)
[2093],C
C
L7
(CCL7,
P80098)
(pK
i 6.6)
[2093]
–
–
–
–
Antagonists
–
–
–
plerixafor
(pK
i 7)
[2213]
–
–
–
Selective
antagonists
–
navarixin
(pIC
50
10.3)
[81,484],
danirixin
(pIC
50
7.9)
[1343],
SB
225002
(pIC
50
7.7)
[2103],
elubirixin
(pIC
50
7.7)
[81],SX
-517
(pIC
50
7.2)
[1236]
–
T134
(pIC
50
8.4)
[1929],X
4P-001
(pIC
50
7.9)
[1819],
H
IV-Tat
–
–
–
Allosteric
m
odulators
reparixin
(N
egative)
(pIC
50
9)
[145]
reparixin
(N
egative)
(pIC
50
6.4)
[145]
–
–
–
–
–
Labelled
ligands
[ 125I]C
X
C
L8
(hum
an)
(Agonist)
[711,1658]
[ 125I]C
X
C
L8
(hum
an)
(Agonist)
[711,
1658],[ 125I]C
X
C
L1
(hum
an)
(Agonist),[ 125I]C
X
C
L5
(hum
an)
(Agonist),[ 125I]C
X
C
L7
(hum
an)
(Agonist)
[ 125I]C
X
C
L10
(hum
an)
(Agonist),
[ 125I]C
X
C
L11
(hum
an)
(Agonist)
[ 125I]C
X
C
L12α
(hum
an)
(Agonist)
[444,782]
[ 125I]C
X
C
L13
(m
ouse)
(Agonist)
[227]–
M
ouse
[ 125I]C
X
C
L16
(hum
an)
(Agonist)
[ 125I]C
X
3 C
L1
(hum
an)
(Agonist)
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N
om
enclature
X
C
R1
AC
KR1
AC
KR2
AC
KR3
AC
KR4
C
C
RL2
H
G
N
C
,U
niProt
XCR1,P46094
ACKR1,Q
16570
ACKR2,O
00590
ACKR3,P25106
ACKR4,Q
9N
PB9
CCRL2,O
00421
Endogenous
ligands
–
C
X
C
L5
(CXCL5,P42830),C
X
C
L6
(CXCL6,
P80162),C
X
C
L8
(CXCL8,P10145),
C
X
C
L11
(CXCL11,O
14625),C
C
L2
(CCL2,
P13500),C
C
L5
(CCL5,P13501),C
C
L7
(CCL7,P80098),C
C
L11
(CCL11,P51671),
C
C
L14
(CCL14,Q
16627),C
C
L17
(CCL17,
Q
92583)
–
–
–
chem
erin
C
-term
inal
peptide,C
C
L19
(CCL19,Q
99731)
[101]
Endogenous
agonists
X
C
L1
(XCL1,P47992)
[564],X
C
L2
(XCL2,
Q
9U
BD
3)
[564]
–
C
C
L2
(CCL2,P13500),C
C
L3
(CCL3,
P10147),C
C
L4
(CCL4,P13236),C
C
L5
(CCL5,P13501),C
C
L7
(CCL7,
P80098),C
C
L8
(CCL8,P80075),
C
C
L11
(CCL11,P51671),C
C
L13
(CCL13,Q
99616),C
C
L14
(CCL14,
Q
16627),C
C
L17
(CCL17,Q
92583),
C
C
L22
(CCL22,O
00626)
C
X
C
L12α
(CXCL12,
P48061)
[674,1854],
C
X
C
L11
(CXCL11,
O
14625)
C
C
L19
(CCL19,
Q
99731)
[2085],
C
C
L25
(CCL25,
O
15444)
[2085],
C
C
L21
(CCL21,
O
00585)
[2085]
–
C
om
m
ents
X
C
L1
cannot
be
iodinated,but
a
secreted
alkaline
phophatase
(SEAP)-X
C
L1
fusion
peptide
can
be
used
as
a
probe
at
X
C
R1.
AC
KR1
is
used
by
Plasm
odium
vivax
and
Plasm
odium
know
lseifor
entering
erythrocytes.
–
Severallines
ofevidence
have
suggested
that
adrenom
edullin
is
a
ligand
for
AC
KR3;
how
ever,classicaldirect
binding
to
the
receptor
has
not
yet
been
convincingly
dem
onstrated.
–
–
C
o
m
m
en
ts:
Specific
ch
em
okin
e
receptors
facilitate
cell
en
try
by
m
icrobes,
such
as
A
C
K
R
1
for
Plasm
odium
vivax,
an
d
C
C
R
5
an
d
C
X
C
R
4
for
H
IV
-1.
V
irally
en
coded
ch
em
okin
e
receptors
are
kn
ow
n
(e.g.
U
S28,
a
h
om
ologue
of
C
C
R
1
from
h
um
an
cy-
tom
egalovirus
an
d
O
R
F74,
w
h
ich
en
codes
a
h
om
olog
of
C
X
C
R
2
in
H
erpesvirus
saim
iri
an
d
gam
m
a-H
erpesvirus-68),
but
th
eir
role
in
virallife
cycles
is
n
otestablish
ed.V
iruses
can
exploitor
subvert
th
e
ch
em
okin
e
system
by
producin
g
ch
em
okin
e
an
tagon
ists
an
d
scaven
gers.
Tw
o
ch
em
okin
e
receptor
an
tagon
ists
h
ave
n
ow
been
approved
by
th
e
FD
A
:th
e
C
C
R
5
an
tagon
ist
m
araviroc
(Pfizer)
for
treatm
en
t
of
H
IV
/A
ID
S
in
patien
ts
w
ith
C
C
R
5-usin
g
strain
s;
an
d
th
e
C
X
C
R
4
an
tagon
ist
plerixafor
(San
ofi)
for
h
em
atopoietic
stem
cellm
obilization
w
ith
G
-C
SF
(C
SF3,P09919)in
patien
ts
un
dergo-
in
g
tran
splan
tation
in
th
e
con
textofch
em
oth
erapy
forH
odgkin
s’
D
isease
an
d
m
ultiple
m
yelom
a.
Fu
rth
er
read
in
g
o
n
C
h
em
o
k
in
e
recep
to
rs
Bach
elerie
F
et
al.
(2015)
A
n
atypical
addition
to
th
e
ch
em
okin
e
receptor
n
om
en
clature:
IU
PH
A
R
R
eview
"15".
Br.J.Pharm
acol.[PM
ID
:25958743]
K
oelin
k
PJetal.(2012)Targetin
g
ch
em
okin
e
receptors
in
ch
ron
ic
in
flam
m
atory
diseases:an
exten
-
sive
review
.
Pharm
acol.T
her.133
:1-18
[PM
ID
:21839114]
M
urph
y
PM
.
(2002)
In
tern
ation
al
U
n
ion
of
Ph
arm
acology.
X
X
X
.
U
pdate
on
ch
em
okin
e
receptor
n
om
en
clature.
Pharm
acol.Rev.54
:227-9
[PM
ID
:12037138]
M
urph
y
PM
etal.(2000)In
tern
ation
alU
n
ion
ofPh
arm
acology.X
X
II.N
om
en
clature
forch
em
okin
e
receptors.Pharm
acol.Rev.52
:145-176
[PM
ID
:10699158]
Sch
olten
D
J
et
al.
(2012)
Ph
arm
acologicalm
odulation
of
ch
em
okin
e
receptor
fun
ction
.
Br.
J.Phar-
m
acol.165
:1617-43
[PM
ID
:21699506]
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C
holecystokinin
receptors
G
protein
-coupled
receptors→
C
h
olecystokin
in
receptors
O
verview
:
C
h
olecystokin
in
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
C
C
K
recep
to
rs
[1471])
are
activated
by
th
e
en
dogen
ous
pep-
tides
ch
olecystokin
in
-8
(C
C
K
-8
(C
C
K
,
P06307)),
C
C
K
-33
(C
C
K
,
P06307),
C
C
K
-58
(C
C
K
,
P06307)
an
d
gastrin
(gastrin
-17
(G
A
ST
,
P01350)).
Th
ere
are
on
ly
tw
o
distin
ct
subtypes
of
C
C
K
recep-
tors,
C
C
K
1
an
d
C
C
K
2
receptors
[1038,
2073],
w
ith
som
e
alter-
n
atively
spliced
form
s
m
ost
often
iden
tified
in
n
eoplastic
cells.
Th
e
C
C
K
receptor
subtypes
are
distin
guish
ed
by
th
eir
peptide
se-
lectivity,w
ith
th
e
C
C
K
1
receptor
requirin
g
th
e
carboxyl-term
in
al
h
eptapeptide-am
ide
th
at
in
cludes
a
sulfated
tyrosin
e
for
h
igh
affin
ity
an
d
poten
cy,
w
h
ile
th
e
C
C
K
2
receptor
requires
on
ly
th
e
carboxyl-term
in
al
tetrapeptide
sh
ared
by
each
C
C
K
an
d
gastrin
peptides.Th
ese
receptors
h
ave
ch
aracteristic
an
d
distin
ctdistribu-
tion
s,
w
ith
both
presen
t
in
both
th
e
cen
tral
n
ervous
system
an
d
periph
eraltissues.
N
om
enclature
C
C
K
1
receptor
C
C
K
2
receptor
H
G
N
C
,U
niProt
CCKAR,P32238
CCKBR,P32239
Potency
order
ofendogenous
ligands
C
C
K-8
(CCK,P06307)≫
gastrin-17
(G
AST,P01350),
desulfated
cholecystokinin-8
>
C
C
K-4
(CCK,P06307)
C
C
K-8
(CCK,P06307)≥
gastrin-17
(G
AST,P01350),desulfated
cholecystokinin-8,C
C
K-4
(CCK,P06307)
Endogenous
agonists
–
desulfated
cholecystokinin-8
[1135],gastrin-17
(G
AST,P01350)
[845]–
M
ouse,C
C
K-4
(CCK,P06307)
[871],desulfated
gastrin-14
(G
AST,P01350),desulfated
gastrin-17
(G
AST,P01350),
desulfated
gastrin-34
(G
AST,P01350),desulfated
gastrin-71
(G
AST,P01350),gastrin-14
(G
AST,
P01350),gastrin-34
(G
AST,P01350),gastrin-71
(G
AST,P01350)
Selective
agonists
A-71623
[67]–
Rat,JM
V180
[971],G
W
-5823
[772]
RB-400
[129]–
Rat,PBC
-264
[886]–
Rat
Antagonists
lintitript
(pIC
50
8.3)
[667]
–
Selective
antagonists
devazepide
(pIC
50
9.7)
[845]–
Rat,T-0632
(pIC
50
9.6)
[1935]–
Rat,PD
-140548
(pIC
50
8.6)
[1817]–
Rat,
lorglum
ide
(pIC
50
6.7–8.2)
[845,875]–
Rat
YF-476
(pIC
50
9.7)
[201,1927],G
V150013
(pIC
50
9.4)
[2006],L-740093
(pIC
50
9.2)
[1464],YM
-022
(pIC
50
9.2)
[1464],JN
J-26070109
(pIC
50
8.5)
[1390],L-365260
(pIC
50
8.4)
[1135],RP73870
(pIC
50
8)
[1181]–
Rat,LY262691
(pIC
50
7.5)
[1632]–
Rat
Labelled
ligands
[ 3H
]devazepide
(Antagonist)
(pK
d
9.7)
[306],
[ 125I]D
Tyr-G
ly-[(N
le28,31)C
C
K-26-33
(Agonist)
[1599]
[ 3H
]PD
140376
(Antagonist)
(pK
i 9.7–10)
[849]–
G
uinea
pig,[ 125I]PD
142308
(Antagonist)
(pK
d
9.6)
[820]–
G
uinea
pig,[ 125I]D
Tyr-G
ly-[(N
le28,31)C
C
K-26-33
(Agonist)
[1599],[ 125I]gastrin
(Agonist),
[ 3H
]gastrin
(Agonist),[ 3H
]L365260
(Antagonist)
(pK
d
8.2–8.5)
[1464],[ 125I]-BD
Z
2
(Antagonist)
(pK
i
8.4)
[25]
C
o
m
m
en
ts:
W
h
ile
a
can
cer-specific
C
C
K
receptor
h
as
been
pos-
tulated
to
exist,
w
h
ich
also
m
igh
t
be
respon
sive
to
in
com
pletely
processed
form
s
ofC
C
K
(G
ly-exten
ded
form
s),th
is
h
as
n
everbeen
isolated.
A
n
altern
atively
spliced
form
of
th
e
C
C
K
2
receptor
in
w
h
ich
in
tron
4
is
retain
ed,addin
g
69
am
in
o
acids
to
th
e
in
tracel-
lular
loop
3
(IC
L3)
region
,
h
as
been
described
to
be
presen
t
par-
ticularly
in
certain
n
eoplasm
s
w
h
ere
m
R
N
A
m
is-splicin
g
h
as
been
com
m
on
ly
observed
[1833],
but
it
is
n
ot
clear
th
at
th
is
receptor
splice
form
plays
a
special
role
in
carcin
ogen
esis.
A
n
oth
er
alter-
n
ative
splicin
g
even
t
for
th
e
C
C
K
2
receptor
w
as
reported
[1850],
w
ith
altern
ative
don
orsitesin
exon
4
resultin
g
in
lon
g
(452
am
in
o
acids)
an
d
sh
ort
(447
am
in
o
acids)
form
s
of
th
e
receptor
differin
g
by
five
residues
in
IC
L3,h
ow
ever,n
o
clear
fun
ction
aldifferen
ces
h
ave
been
observed.
Searchable
database:http://w
w
w.guidetopharm
acology.org/index.jsp
C
holecystokinin
receptors
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uide:http://onlinelibrary.w
iley.com
/doi/10.1111/bph.13878/full
S.P.H.Alexanderetal.The
Concise
Guide
to
PHARM
ACOLOGY
2017/18:G
protein-coupled
receptors.British
JournalofPharm
acology
(2017)174,S17–S129
Fu
rth
er
read
in
g
o
n
C
h
o
lecysto
k
in
in
recep
to
rs
C
aw
ston
EE
etal.(2010)Th
erapeutic
poten
tialfor
n
oveldrugs
targetin
g
th
e
type
1
ch
olecystokin
in
receptor.
Br.J.Pharm
acol.159
:1009-21
[PM
ID
:19922535]
D
ockray
G
J.
(2009)
C
h
olecystokin
in
an
d
gut-brain
sign
allin
g.
Regul.
Pept.
155
:
6-10
[PM
ID
:19345244]
D
ufresn
e
M
et
al.
(2006)
C
h
olecystokin
in
an
d
gastrin
receptors.
Physiol.
Rev.
86
:
805-47
[PM
ID
:16816139]
M
iller
LJ
et
al.
(2008)
Structuralbasis
of
ch
olecystokin
in
receptor
bin
din
g
an
d
regulation
.
Pharm
a-
col.T
her.119
:83-95
[PM
ID
:18558433]
C
lass
Frizzled
G
PC
Rs
G
protein
-coupled
receptors→
C
lass
Frizzled
G
PC
R
s
O
verview
:
R
eceptors
of
th
e
C
lass
Frizzled
(FZD
,
n
o
m
en
cla-
tu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
su
b
co
m
m
ittee
o
n
th
e
C
lass
Frizzled
G
P
C
R
s
[1747]),
are
G
PC
R
s
origin
ally
iden
tified
in
D
rosophila
[300],
w
h
ich
are
h
igh
ly
con
served
across
species.
W
h
ile
SM
O
sh
ow
s
structural
resem
blan
ce
to
th
e
10
FZD
s,
it
is
fun
ction
ally
separated
as
it
m
ediates
effects
in
th
e
H
edgeh
og
sig-
n
alin
g
path
w
ay
[1747].
FZD
s
are
activated
by
W
N
Ts,
w
h
ich
are
cystein
e-rich
lipoglycoprotein
s
w
ith
fun
dam
en
tal
fun
ction
s
in
on
togen
y
an
d
tissue
h
om
eostasis.
FZD
sign
allin
g
w
as
in
itially
divided
in
to
tw
o
path
w
ays,
bein
g
eith
er
depen
den
t
on
th
e
ac-
cum
ulation
of
th
e
tran
scription
regulator
β-caten
in
(C
T
N
N
B1,
P35222)
or
bein
g
β-caten
in
-in
depen
den
t
(often
referred
to
as
can
on
ical
vs.
n
on
-can
on
ical
W
N
T/FZD
sign
allin
g,
respectively).
W
N
T
stim
ulation
of
FZD
s
can
,
in
cooperation
w
ith
th
e
low
den
-
sity
lipoprotein
receptors
LRP5
(O
75197)an
d
LRP6
(O
75581),lead
to
th
e
in
h
ibition
of
a
con
stitutively
active
destruction
com
plex,
w
h
ich
results
in
th
e
accum
ulation
ofβ-caten
in
an
d
subsequen
tly
its
tran
slocation
to
th
e
n
ucleus.β-C
aten
in
,in
turn
,m
odifies
gen
e
tran
scription
by
in
teractin
g
w
ith
TC
F/LEF
tran
scription
factors.
β-C
aten
in
-in
depen
den
t
FZD
sign
allin
g
is
far
m
ore
com
plex
w
ith
regard
to
th
e
diversity
of
th
e
activated
path
w
ays.
W
N
T/FZD
sign
allin
g
can
lead
to
th
e
activation
of
h
eterotrim
eric
G
protein
s
[447],
th
e
elevation
of
in
tracellular
calcium
[1828],
activation
of
cG
M
P-specific
PD
E6
[19]an
d
elevation
ofcA
M
P
as
w
ellas
R
A
C
-1,
JN
K
,R
h
o
an
d
R
h
o
kin
ase
sign
allin
g
[730].Furth
erm
ore,th
e
ph
os-
ph
oprotein
D
ish
evelled
con
stitutes
a
key
player
in
W
N
T/FZD
sig-
n
allin
g.
A
s
w
ith
oth
er
G
PC
R
s,m
em
bers
of
th
e
Frizzled
fam
ily
are
fun
ction
ally
depen
den
t
on
th
e
arrestin
scaffoldin
g
protein
for
in
-
tern
alization
[321],
as
w
ell
as
for
β-caten
in
-depen
den
t
[242]
an
d
-in
depen
den
t[243,986]sign
allin
g.Th
e
pattern
ofcellsign
allin
g
is
com
plicated
by
th
e
presen
ce
of
addition
alligan
ds,w
h
ich
can
en
-
h
an
ce
or
in
h
ibit
FZD
sign
allin
g
(secreted
Frizzled-related
protein
s
(sFR
P),
W
n
t-in
h
ibitory
factor
(W
IF1,
Q
9Y
5W
5)
(W
IF),
sclerostin
(SO
ST
,Q
9BQ
B4)
or
D
ickkopf
(D
K
K
)),as
w
ell
as
m
odulatory
(co)-
receptors
w
ith
R
yk,
R
O
R
1,
R
O
R
2
an
d
K
rem
en
,
w
h
ich
m
ay
also
fun
ction
as
in
depen
den
t
sign
allin
g
protein
s.
N
om
enclature
FZD
1
FZD
2
FZD
3
FZD
4
FZD
5
FZD
6
FZD
7
H
G
N
C
,U
niProt
FZD
1,Q
9U
P38
FZD
2,Q
14332
FZD
3,Q
9N
PG
1
FZD
4,Q
9U
LV1
FZD
5,Q
13467
FZD
6,O
60353
FZD
7,O
75084
Searchable
database:http://w
w
w.guidetopharm
acology.org/index.jsp
C
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G
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N
om
enclature
FZD
8
FZD
9
FZD
10
SM
O
H
G
N
C
,U
niProt
FZD
8,Q
9H
461
FZD
9,O
00144
FZD
10,Q
9U
LW
2
SM
O
,Q
99835
Antagonists
–
–
–
saridegib
(pIC
50
8.9)
[1981],glasdegib
(pIC
50
8.3)
[1398],sonidegib
(pK
i 8.2)
[2065]
Selective
antagonists
–
–
–
vism
odegib
(pK
i 7.8)
[2065]
C
o
m
m
en
ts:
Th
ere
is
lim
ited
kn
ow
ledge
about
W
N
T/FZD
speci-
ficity
an
d
w
h
ich
m
olecular
en
tities
determ
in
e
th
e
sign
allin
g
out-
com
e
of
a
specific
W
N
T/FZD
pair.
U
n
derstan
din
g
of
th
e
couplin
g
to
G
protein
s
is
in
com
plete
(see
[447]).
Th
ere
is
also
a
scarcity
of
in
form
ation
on
basic
ph
arm
acological
ch
aracteristics
of
FZD
s,
such
as
bin
din
g
con
stan
ts,
ligan
d
specificity
or
con
cen
tration
-
respon
se
relation
sh
ips
[984].
L
ig
an
d
s
asso
ciated
w
ith
FZ
D
sig
n
allin
g
W
N
Ts:
W
n
t-1
(W
N
T
1,
P04628),
W
n
t-2
(W
N
T
2,
P09544)
(also
kn
ow
n
as
In
t-1-related
protein
),W
n
t-2b
(W
N
T
2B,Q
93097)
(also
kn
ow
n
as
W
N
T-13),
W
n
t-3
(W
N
T
3,
P56703)
,
W
n
t-3a
(W
N
T
3A
,
P56704),
W
n
t-4
(W
N
T
4,
P56705),
W
n
t-5a
(W
N
T
5A
,
P41221)
,
W
n
t-5b
(W
N
T
5B,
Q
9H
1J7),
W
n
t-6
(W
N
T
6,
Q
9Y
6F9),
W
n
t-7a
(W
N
T
7A
,O
00755),W
n
t-7b
(W
N
T
7B,P56706),W
n
t-8a
(W
N
T
8A
,
Q
9H
1J5),W
n
t-8b
(W
N
T
8B,Q
93098),W
n
t-9a
(W
N
T
9A
,O
14904)
(also
kn
ow
n
as
W
N
T-14),W
n
t-9b
(W
N
T
9B,O
14905)(also
kn
ow
n
as
W
N
T-15
or
W
N
T-14b),W
n
t-10a
(W
N
T
10A
,Q
9G
ZT5),W
n
t-10b
(W
N
T
10B,
O
00744)
(also
kn
ow
n
as
W
N
T-12),
W
n
t-11
(W
N
T
11,
O
96014)
an
d
W
n
t-16
(W
N
T
16,Q
9U
BV
4).
E
xtra
cellu
la
r
p
rotein
s
th
a
t
in
tera
ct
w
ith
F
Z
D
s:
n
orrin
(N
D
P,
Q
00604),
R
-spon
din
-1
(RSPO
1,
Q
2M
K
A
7),
R
-spon
din
-2
(RSPO
2,
Q
6U
X
X
9)
,
R
-spon
din
-3
(RSPO
3,
Q
9BX
Y
4),
R
-spon
din
-4
(RSPO
4,
Q
2I0M
5),
sFR
P-1
(SFRP1,
Q
8N
474),
sFR
P-2
(SFRP2,
Q
96H
F1),sFR
P-3
(FRZ
B,Q
92765),sFR
P-4
(SFRP4,Q
6FH
J7),sFR
P-5
(SFRP5,Q
6FH
J7).
E
xtra
cellu
la
r
p
rotein
s
th
a
t
in
tera
ct
w
ith
W
N
Ts
or
L
R
P
s:
D
ickkopf
1
(D
K
K
1,
O
94907),
W
IF1
(Q
9Y
5W
5),
sclerostin
(SO
ST
,
Q
9BQ
B4),
krem
en
1
(K
REM
EN
1,
Q
96M
U
8)
an
d
krem
en
2
(K
REM
EN
2,Q
8N
C
W
0)
Sm
a
llexogen
ou
s
liga
n
d
s:Foxy-5
[1910],Box-5,U
M
206
[1086],
an
d
X
W
n
t8
(P28026)
also
kn
ow
n
as
m
in
i-W
n
t8.
Fu
rth
er
read
in
g
o
n
C
lass
Frizzled
G
P
C
R
s
A
n
gers
S
et
al.
(2009)
Proxim
al
even
ts
in
W
n
t
sign
al
tran
sduction
.
N
at.
Rev.
M
ol.
C
ell
Biol.
10
:
468-77
[PM
ID
:19536106]
Sch
ulte
G
.
(2015)
Frizzleds
an
d
W
N
T/β-caten
in
sign
alin
g–Th
e
black
box
of
ligan
d-receptor
se-
lectivity,
com
plex
stoich
iom
etry
an
d
activation
kin
etics.
Eur.
J.
Pharm
acol.
763
:
191-5
[PM
ID
:26003275]
van
A
m
eron
gen
R
.(2012)A
ltern
ative
W
n
t
path
w
ays
an
d
receptors.C
old
Spring
H
arb
PerspectBiol4
:
[PM
ID
:22935904]
W
an
g
Y
et
al.
(2016)
Frizzled
R
eceptors
in
D
evelopm
en
t
an
d
D
isease.
C
urr.
Top.
D
ev.
Biol.
117
:
113-39
[PM
ID
:26969975]
C
om
plem
ent
peptide
receptors
G
protein
-coupled
receptors→
C
om
plem
en
t
peptide
receptors
O
verview
:
C
om
plem
en
t
peptide
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
su
b
co
m
m
ittee
o
n
C
o
m
p
lem
en
t
p
ep
tid
e
recep
to
rs
[1015])
are
activated
by
th
e
en
dogen
ous˜75
am
in
o-acid
an
aph
ylatoxin
polypeptides
C
3a
(C
3,P01024)
an
d
C
5a
(C
5,P01031),gen
erated
upon
stim
ulation
of
th
e
com
plem
en
t
cascade.
Searchable
database:http://w
w
w.guidetopharm
acology.org/index.jsp
C
om
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N
om
enclature
C
3a
receptor
C
5a1
receptor
C
5a2
receptor
H
G
N
C
,U
niProt
C3AR1,Q
16581
C5AR1,P21730
C5AR2,Q
9P296
Potency
order
ofendogenous
ligands
C
3a
(C3,P01024)>
C
5a
(C5,P01031)[41]
C
5a
(C5,P01031),C
5a
des-Arg
(C5)
>
C
3a
(C3,P01024)
[41]
–
Endogenous
agonists
–
ribosom
alprotein
S19
(RPS19,P39019)
[2160]
–
Agonists
E7
[43],com
pound
17
[1644],
com
pound
21
[1643],Ac-RH
YPLW
R
[707]
N
-m
ethyl-Phe-Lys-Pro-D
-C
ha-C
ha-D
-Arg-C
O
2 H
[959,1035]
–
Selective
agonists
–
–
P59
(Biased
agonist)
[396],P32
(Biased
agonist)
[396]
Antagonists
SB290157
(pIC
50
7.6)
[40],com
pound
4
(pIC
50
5.9)
[1643]
avacopan
(pIC
50
9.7)
[125],W
54011
(pK
i 8.7)
[1893],D
F2593A
(pIC
50
8.3)
[1380],AcPhe-O
rn-Pro-D
-C
ha-Trp-Arg
(pIC
50
7.9)
[2128],
N
-m
ethyl-Phe-Lys-Pro-D
-C
ha-Trp-D
-Arg-C
O
2 H
(pIC
50
7.2)
[1035]
–
Labelled
ligands
[ 125I]C
3a
(hum
an)
(Agonist)
[310]
[ 125I]C
5a
(hum
an)
(Agonist)
[843]
[ 125I]C
5a
(hum
an)
(Agonist)
C
o
m
m
en
ts:
SB290157
h
as
also
been
reported
to
h
ave
agon
ist
properties
at
th
e
C
3a
receptor
[1282].
Th
e
putative
ch
em
oattrac-
tan
t
receptor
term
ed
C
5a2
(also
kn
ow
n
as
G
PR
77,
C
5L2)
bin
ds
[ 125I]C
5a
w
ith
n
o
clearsign
allin
g
fun
ction
,buth
as
a
putative
role
opposin
g
in
flam
m
atory
respon
ses
[267,599,616].Bin
din
g
to
th
is
site
m
ay
be
displaced
w
ith
th
e
ran
k
order
C
5a
des-A
rg
(C
5)>
C
5a
(C
5,P01031)
[267,1508]w
h
ile
th
ere
is
con
troversy
over
th
e
abil-
ity
ofC
3a
(C
3,P01024)an
d
C
3a
des
A
rg
(C
3,P01024)to
com
pete
[817,
936,
937,
1508].
C
5a2
appears
to
lack
G
protein
sign
allin
g
an
d
h
as
been
term
ed
a
decoy
receptor[1753].H
ow
ever,C
5a2
does
recruit
arrestin
after
ligan
d
bin
din
g,
w
h
ich
m
igh
t
provide
a
sig-
n
alin
g
path
w
ay
forth
is
receptor[94,2015],an
d
form
s
h
eterom
ers
w
ith
C
5a1 .C
5a,butn
otC
5a-des
A
rg,in
duces
upregulation
ofh
et-
erom
er
form
ation
betw
een
com
plem
en
t
C
5a
receptors
C
5a1
an
d
C
5a2
[395].Th
ere
are
also
reports
ofpro-in
flam
m
atory
activity
of
C
5a2 ,m
ediated
by
H
M
G
B1,butth
e
sign
alin
g
path
w
ay
th
atun
der-
lies
th
is
is
curren
tly
un
clear
(review
ed
in
[1161]).
M
ore
recen
tly,
w
ork
in
T
cells
h
as
sh
ow
n
th
at
C
5a1
an
d
C
5a2
act
in
opposition
to
each
oth
er
an
d
th
at
alterin
g
th
e
equilibrium
betw
een
th
e
tw
o
receptors,by
differen
tialexpression
or
production
of
C
5a-des
A
rg
(w
h
ich
favours
C
5a2 ),can
affect
th
e
fin
alcellular
respon
se
[57].
Fu
rth
er
read
in
g
o
n
C
o
m
p
lem
en
t
p
ep
tid
e
recep
to
rs
A
rbore
G
et
al.
(2016)
A
n
ovel"com
plem
en
t-m
etabolism
-in
flam
m
asom
e
axis"
as
a
key
regulator
of
im
m
un
e
celleffector
fun
ction
.Eur.J.Im
m
unol.46
:1563-73
[PM
ID
:27184294]
K
los
A
et
al.
(2013)
In
tern
ation
al
U
n
ion
of
Ph
arm
acology.
LX
X
X
V
II.
C
om
plem
en
t
peptide
C
5a,
C
4a,an
d
C
3a
receptors.Pharm
acol.Rev.65
:500-43
[PM
ID
:23383423]
Li
R
et
al.
(2013)
C
5L2:
a
con
troversial
receptor
of
com
plem
en
t
an
aph
ylatoxin
,C
5a.
FA
SEB
J.27
:
855-64
[PM
ID
:23239822]
M
on
k
PN
etal.(2007)
Fun
ction
,structure
an
d
th
erapeutic
poten
tialofcom
plem
en
t
C
5a
receptors.
Br.J.Pharm
acol.152
:429-48
[PM
ID
:17603557]
C
orticotropin-releasing
factor
receptors
G
protein
-coupled
receptors→
C
orticotropin
-releasin
g
factor
receptors
O
verview
:
C
orticotropin
-releasin
g
factor
(C
R
F,
n
o
m
en
-
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
su
b
co
m
m
it-
tee
o
n
C
o
rtico
tro
p
in
-releasin
g
Facto
r
R
ecep
to
rs
[750])
receptors
are
activated
by
th
e
en
dogen
ous
peptides
corticotroph
in
-releasin
g
h
orm
on
e
(C
RH
,
P06850),
a
41
am
in
o-
acid
peptide,
urocortin
1
(U
C
N
,
P55089),
40
am
in
o-acids,
urocortin
2
(U
C
N
2,
Q
96R
P3),
38
am
in
o-acids
an
d
urocortin
3
(U
C
N
3,
Q
969E3),
38
am
in
o-acids.
C
R
F1
an
d
C
R
F2
receptors
are
activated
n
on
-selectively
by
corticotroph
in
-releasin
g
h
orm
on
e
(C
RH
,
P06850)
an
d
urocortin
1
(U
C
N
,
P55089).
Bin
din
g
to
C
R
F
receptors
can
be
con
ducted
usin
g
[ 125I]Tyr 0-C
R
F
or
[ 125I]Tyr 0-sauvagin
e
w
ith
K
d
values
of
0.1-0.4
n
M
.
C
R
F1
an
d
C
R
F2
receptors
are
n
on
-selectively
an
tagon
ized
by
α
-h
elicalC
R
F,
D
-Ph
e-C
R
F-(12-41)
an
d
astressin
.
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N
om
enclature
C
RF1
receptor
C
RF2
receptor
H
G
N
C
,U
niProt
CRH
R1,P34998
CRH
R2,Q
13324
Endogenous
agonists
–
urocortin
2
(U
CN
2,Q
96RP3)
[410],urocortin
3
(U
CN
3,Q
969E3)
[410]
Antagonists
SSR125543A
(pK
i 8.7)
[698]
–
Selective
antagonists
C
P
154,526
(pIC
50
9.3–10.4)
[1218]–
Rat,D
M
P696
(pK
i 8.3–9)
[760],N
BI27914
(pK
i 8.3–9)
[314],R121919
(pK
i 8.3–9)
[2227],antalarm
in
(pK
i 8.3–9)
[2087],C
P376395
(pIC
50
8.3)
[322]–
Rat,C
RA1000
(pIC
50
6.4–7.1)
[298]
antisauvagine
(pK
d
8.8–9.6)
[412],K41498
(pK
i 9.2)
[1105],K31440
(pK
i 8.7–8.8)
[1697]
C
o
m
m
en
ts:A
C
R
F
bin
din
g
protein
h
as
been
iden
tified
(C
RH
BP,P24387)to
w
h
ich
both
corticotroph
in
-releasin
g
h
orm
on
e
(C
RH
,P06850)an
d
urocortin
1
(U
C
N
,P55089)bin
d
w
ith
h
igh
affin
ities,w
h
ich
h
as
been
suggested
to
bin
d
an
d
in
activate
circulatin
g
corticotroph
in
-releasin
g
h
orm
on
e
(C
RH
,P06850)
[1558].
Fu
rth
er
read
in
g
o
n
C
o
rtico
tro
p
in
-releasin
g
facto
r
recep
to
rs
G
ram
m
atopoulos
D
K
.(2012)
In
sigh
ts
in
to
m
ech
an
ism
s
of
corticotropin
-releasin
g
h
orm
on
e
recep-
tor
sign
altran
sduction
.
Br.J.Pharm
acol.166
:85-97
[PM
ID
:21883143]
G
yslin
g
K
.
(2012)
R
elevan
ce
of
both
type-1
an
d
type-2
corticotropin
releasin
g
factor
recep-
tors
in
stress-in
duced
relapse
to
cocain
e
seekin
g
beh
aviour.
Biochem
.
Pharm
acol.
83
:
1-5
[PM
ID
:21843515]
H
augerR
L
etal.(2003)In
tern
ation
alU
n
ion
ofPh
arm
acology.X
X
X
V
I.C
urren
tstatus
ofth
e
n
om
en
-
clature
for
receptors
for
corticotropin
-releasin
g
factor
an
d
th
eir
ligan
ds.
Pharm
acol
Rev.
55
:
21-26
[PM
ID
:12615952]
V
alen
tin
o
R
J
et
al.
(2013)
Sex-biased
stress
sign
alin
g:
th
e
corticotropin
-releasin
g
factor
receptor
as
a
m
odel.M
ol.Pharm
acol.83
:737-45
[PM
ID
:23239826]
Zh
u
H
et
al.
(2011)
C
orticotropin
-releasin
g
factor
fam
ily
an
d
its
receptors:
pro-in
flam
m
atory
or
an
ti-in
flam
m
atory
targets
in
th
e
periph
ery?
Infl
am
m
.Res.60
:715-21
[PM
ID
:21476084]
D
opam
ine
receptors
G
protein
-coupled
receptors→
D
opam
in
e
receptors
O
verview
:
D
opam
in
e
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
D
o
p
am
in
e
R
ecep
to
rs
[1748])
are
com
m
on
ly
divided
in
to
D
1 -like
(D
1
an
d
D
5 )
an
d
D
2 -like
(D
2 ,D
3
an
d
D
4 )
fam
ilies,w
h
ere
th
e
en
dogen
ous
agon
ist
is
dopam
in
e.
N
om
enclature
D
1
receptor
D
2
receptor
H
G
N
C
,U
niProt
D
RD
1,P21728
D
RD
2,P14416
Sub/fam
ily-selective
labelled
ligands
[ 125I]SC
H
23982
(Antagonist)
(pK
d
9.5)
[433],
[ 3H
]SC
H
-23390
(Antagonist)
(pK
d
9.5)
[2221]
[ 3H
]spiperone
(Antagonist)
(pK
d
10.2)
[246,805,2219]–
Rat
Endogenous
agonists
dopam
ine
[1897,1962]
dopam
ine
[252,573,1725]
Agonists
fenoldopam
[1962]
rotigotine
[448],cabergoline
(Partialagonist)
[1337],aripiprazole
(Partialagonist)
[2199],brom
ocriptine
[573,1337,1725],M
LS1547
(Biased
agonist)
[572],ropinirole
[766],apom
orphine
(Partialagonist)
[252,
573,1337,1725,1844],pram
ipexole
[1332,1725],benzquinam
ide
[677]
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database:http://w
w
w.guidetopharm
acology.org/index.jsp
D
opam
ine
receptors
S61
FullC
ontents
ofC
onciseG
uide:http://onlinelibrary.w
iley.com
/doi/10.1111/bph.13878/full
S.P.H.Alexanderetal.The
Concise
Guide
to
PHARM
ACOLOGY
2017/18:G
protein-coupled
receptors.British
JournalofPharm
acology
(2017)174,S17–S129
(continued)
N
om
enclature
D
1
receptor
D
2
receptor
Sub/fam
ily-selective
agonists
A68930
[1445],SKF-38393
(Partialagonist)
[1897,
1962]
quinpirole
[252,1332,1539,1844,1846,2019]
Selective
agonists
SKF-83959
(Biased
agonist)
[377],SKF-81297
[47]–
Rat
sum
anirole
[1301]
Antagonists
flupentixol(pK
i 7–8.4)
[1897,1962]
blonanserin
(pK
i 9.9)
[1487],pipotiazine
(pK
i 9.7)
[1845],perphenazine
(pK
i 8.9–9.6)
[1055,1761],
risperidone
(pK
i 9.4)
[64],perospirone
(pK
i 9.2)
[1762],trifluoperazine
(pK
i 8.9–9)
[1055,1763]
Sub/fam
ily-selective
antagonists
SC
H
-23390
(pK
i 7.4–9.5)
[1897,1962],SKF-83566
(pK
i 9.5)
[1897],ecopipam
(pK
i 8.3)
[1963]
haloperidol(pK
i 7.4–8.8)
[573,1230,1332,1844,1963]
Selective
antagonists
–
L-741,626
(pK
i 7.9–8.5)
[688,1069],dom
peridone
(pK
i 7.9–8.4)
[573,1844],raclopride
(pK
i 8)
[1339],
M
L321
(pK
i 7)
[2147,2148]
Labelled
ligands
–
[ 3H
]raclopride
(Antagonist)
(pK
d
8.9)
[1081]–
Rat
N
om
enclature
D
3
receptor
D
4
receptor
D
5
receptor
H
G
N
C
,U
niProt
D
RD
3,P35462
D
RD
4,P21917
D
RD
5,P21918
Sub/fam
ily-selective
labelled
ligands
–
[ 3H
]spiperone
(Antagonist)
(pK
d
9.5)
[786,2019]
[ 3H
]SC
H
-23390
(Antagonist)
(pK
d
9.2)
[1654]
Endogenous
agonists
dopam
ine
[252,573,1725,1846]
dopam
ine
[2019]
dopam
ine
[1897]
Agonists
pram
ipexole
[1332,1725],brom
ocriptine
(Partialagonist)
[573,1337,
1725],ropinirole
[766],apom
orphine
(Partialagonist)
[252,573,1337,
1725,1844]
apom
orphine
(Partialagonist)
[1337]
–
Sub/fam
ily-selective
agonists
quinpirole
[252,1332,1339,1539,1725,1844,1846,2019]
quinpirole
[1337,1539,2019]
A68930
[1445]
Selective
agonists
PD
128907
[1610,1725]
PD
168,077
(Partialagonist)
[1040]–
Rat,
A412997
[1373]–
Rat,A412997
[1373]
–
Antagonists
perospirone
(pK
i 9.6)
[1844],sertindole
(pK
i 8–8.8)
[64,1746,1761],
prochlorperazine
(pK
i 8.4)
[71],(-)-sulpiride
(pK
i 6.7–7.7)
[573,1844,
1934],loxapine
(pK
i 7.7)
[1761],dom
peridone
(pK
i 7.1–7.6)
[573,
1844],prom
azine
(pK
i 6.8)
[253]
perospirone
(pK
i 10.1)
[1764],sertindole
(pK
i
7.8–9.1)
[253,1761,1763,1764],sonepiprazole
(pK
i 8.9)
[1739],loxapine
(pK
i 8.1)
[1763]
–
Sub/fam
ily-selective
antagonists
haloperidol(pK
i 7.5–8.6)
[573,1782,1844,1963]
haloperidol(pK
i 8.7–8.8)
[1088,1782,1963]
SC
H
-23390
(pK
i 7.5–9.5)
[1897],
SKF-83566
(pK
i 9.4)
[1897],
ecopipam
(pK
i 8.3)
[1897]
Selective
antagonists
S33084
(pK
i 9.6)
[1336],nafadotride
(pK
i 9.5)
[1726],PG
01037
(pK
i
9.2)
[689],N
G
B
2904
(pK
i 8.8)
[2143],SB
277011-A
(pK
i 8)
[1641],
(+)-S-14297
(pK
i 6.9–7.9)
[1334,1339]
L745870
(pK
i 9.4)
[1069],A-381393
(pK
i 8.8)
[1420],L741742
(pK
i 8.5)
[1683],M
L398
(pK
i
7.4)
[142]
–
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N
om
enclature
D
3
receptor
D
4
receptor
D
5
receptor
Selective
allosteric
m
odulators
SB269652
(N
egative)
(pK
i ∼
9)
[588]
–
–
Labelled
ligands
[ 3H
]spiperone
(Antagonist)
(pK
d
9.9)
[805,2219]–
Rat,[ 3H
]7-O
H
-D
PAT
(Agonist)
[1655],[ 3H
]PD
128907
(Agonist)
[27]
[ 125I]L750667
(Antagonist)
(pK
d
9.8)
[1539],
[ 3H
]N
G
D
941
(Antagonist)
(pK
d
8.3)
[1604]
[ 125I]SC
H
23982
(Antagonist)
(pK
d
9.1)
C
o
m
m
en
ts:
Th
e
selectivity
of
m
an
y
of
th
ese
agen
ts
is
less
th
an
tw
o
orders
of
m
agn
itude.
[ 3H
]raclopride
exh
ibits
sim
ilar
h
igh
affin
ity
for
D
2
an
d
D
3
receptors
(low
affin
ity
for
D
4 ),buth
as
been
used
to
labelD
2
receptors
in
th
e
presen
ce
ofa
D
3 -selective
an
tago-
n
ist.[ 3H
]7-O
H
-D
PA
T
h
as
sim
ilar
affin
ity
for
D
2
an
d
D
3
receptors,
but
labels
on
ly
D
3
receptors
in
th
e
absen
ce
of
divalen
t
cation
s.
Th
e
ph
arm
acological
profile
of
th
e
D
5
receptor
is
sim
ilar
to,
yet
distin
ct
from
,
th
at
of
th
e
D
1
receptor.
Th
e
splice
varian
ts
of
th
e
D
2
receptor
are
com
m
on
ly
term
ed
D
2S
an
d
D
2L
(sh
ort
an
d
lon
g).
Th
e
D
RD
4
gen
e
en
codin
g
th
e
D
4
receptor
is
h
igh
ly
polym
orph
ic
in
h
um
an
s,w
ith
allelic
variation
s
ofth
e
protein
from
am
in
o
acid
387
to
515.
Fu
rth
er
read
in
g
o
n
D
o
p
am
in
e
recep
to
rs
Beaulieu
JM
et
al.
(2015)
D
opam
in
e
receptors
-
IU
PH
A
R
R
eview
13.
Br.
J.
Pharm
acol.
172
:
1-23
[PM
ID
:25671228]
Beaulieu
JM
et
al.
(2011)
Th
e
ph
ysiology,
sign
alin
g,
an
d
ph
arm
acology
of
dopam
in
e
receptors.
Pharm
acol.Rev.63
:182-217
[PM
ID
:21303898]
C
um
m
in
g
P.(2011)
A
bsolute
abun
dan
ces
an
d
affin
ity
states
of
dopam
in
e
receptors
in
m
am
m
alian
brain
:A
review
.
Synapse
65
:892-909
[PM
ID
:21308799]
M
aggio
R
etal.(2010)D
opam
in
e
D
2-D
3
receptor
h
eterom
ers:ph
arm
acologicalproperties
an
d
th
er-
apeutic
sign
ifican
ce.
C
urr
O
pin
Pharm
acol10
:100-7
[PM
ID
:19896900]
Ptácek
R
etal.(2011)
D
opam
in
e
D
4
receptor
gen
e
D
R
D
4
an
d
its
association
w
ith
psych
iatric
disor-
ders.M
ed.Sci.M
onit.17
:R
A
215-20
[PM
ID
:21873960]
Sch
w
artz
J-C
et
al..
(1998)
D
opam
in
e
R
eceptors.
In
T
he
IU
PH
A
R
C
om
pendium
of
Receptor
C
haracteri-
zation
and
C
lassification
Edited
by
G
irdleston
e
D
:IU
PH
A
R
M
edia:141-151
U
n
dieh
A
S.(2010)
Ph
arm
acology
of
sign
alin
g
in
duced
by
dopam
in
e
D
(1)-like
receptor
activation
.
Pharm
acol.T
her.128
:37-60
[PM
ID
:20547182]
Endothelin
receptors
G
protein
-coupled
receptors→
En
doth
elin
receptors
O
verview
:
En
doth
elin
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
E
n
d
o
th
elin
R
ecep
to
rs
[413])
are
activated
by
th
e
en
dogen
ous
21
am
in
o-acid
peptides
en
doth
elin
s
1-3
(en
doth
elin
-1
(ED
N
1,P05305),en
doth
elin
-2
(ED
N
2,P20800)
an
d
en
doth
elin
-3
(ED
N
3,P14138)).
N
om
enclature
ET
A
receptor
ET
B
receptor
H
G
N
C
,U
niProt
ED
N
RA,P25101
ED
N
RB,P24530
Fam
ily
selective
agonists
–
endothelin-1
(ED
N
1,P05305)
=
endothelin-2
(ED
N
2,P20800),endothelin-3
(ED
N
3,P14138)
Potency
order
ofendogenous
ligands
endothelin-1
(ED
N
1,P05305)
=
endothelin-2
(ED
N
2,P20800)
>
endothelin-3
(ED
N
3,
P14138)
[1242]
–
Selective
agonists
–
sarafotoxin
S6c
[1062,1690],BQ
3020
[1650],[Ala 1,3,11,15]ET-1
[1354],
IRL
1620
[2078]
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N
om
enclature
ET
A
receptor
ET
B
receptor
Sub/fam
ily-selective
antagonists
SB209670
(pK
B
9.4)
[502]–
Rat,TAK
044
(pA
2
8.4)
[2081]–
Rat,bosentan
(pA
2
7.2)
[367]–
Rat
SB209670
(pK
B
9.4)
[502]–
Rat,TAK
044
(pA
2
8.4)
[2081]–
Rat,bosentan
(pK
i 7.1)
[1405]
Selective
antagonists
m
acitentan
(pIC
50
9.3)
[177],sitaxsentan
(pA
2
8)
[2135],FR139317
(Inverse
agonist)
(pIC
50
7.3–7.9)
[1242],BQ
123
(pA
2
6.9–7.4)
[1242],am
brisentan
(pA
2
7.1)
[178]
A192621
(pK
d
8.1)
[2043],BQ
788
(pK
d
7.9–8)
[1690],IRL
2500
(pK
d
7.2)
[1690],Ro
46-8443
(pIC
50
7.2)
[215]
Labelled
ligands
[ 125I]PD
164333
(Antagonist)
(pK
d
9.6–9.8)
[416],[ 3H
]S0139
(Antagonist)
(pK
d
9.2),
[ 125I]PD
151242
(Antagonist)
(pK
d
9–9.1)
[417],[ 3H
]BQ
123
(Antagonist)
(pK
d
8.5)
[858]
[ 125I]IRL1620
(Agonist)
[1421],[ 125I]BQ
3020
(Agonist)
[737,1354,1565],
[ 125I][Ala 1,3,11,15]ET-1
(Agonist)
[1354]
C
o
m
m
en
ts:
Splice
varian
ts
of
th
e
ET
A
receptor
h
ave
been
iden
tified
in
rat
pituitary
cells;on
e
of
th
ese,ET
A
R
-C
13,appeared
to
sh
ow
loss
of
fun
ction
w
ith
com
parable
plasm
a
m
em
bran
e
expression
to
w
ild
type
receptor
[748].Subtypes
of
th
e
ET
B
receptor
h
ave
been
proposed,alth
ough
gen
e
disruption
studies
in
m
ice
suggest
th
at
on
ly
a
sin
gle
gen
e
product
exists
[1350].
Fu
rth
er
read
in
g
o
n
E
n
d
o
th
elin
recep
to
rs
C
lozel
M
et
al.
(2013)
En
doth
elin
receptor
an
tagon
ists.
H
andb
Exp
Pharm
acol
218
:
199-227
[PM
ID
:24092342]
D
aven
port
A
P.(2002)In
tern
ation
alU
n
ion
ofPh
arm
acology.X
X
IX
.U
pdate
on
en
doth
elin
receptor
n
om
en
clature.
Pharm
acol.Rev.54
:219-26
[PM
ID
:12037137]
D
aven
port
A
P
etal.(2016)
En
doth
elin
.
Pharm
acol.Rev.68
:357-418
[PM
ID
:26956245]
M
aguire
JJetal.(2014)En
doth
elin
@
25
-n
ew
agon
ists,an
tagon
ists,in
h
ibitorsan
d
em
ergin
g
research
fron
tiers:IU
PH
A
R
R
eview
12.
Br.J.Pharm
acol.171
:5555-72
[PM
ID
:25131455]
G
protein-coupled
estrogen
receptor
G
protein
-coupled
receptors→
G
protein
-coupled
estrogen
receptor
O
verview
:Th
e
G
protein
-coupled
estrogen
receptor
(G
PER
,n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
th
e
G
p
ro
tein
-co
u
p
led
estro
g
en
recep
to
r
[1607])w
as
iden
tified
follow
in
g
observation
s
of
estrogen
-evoked
cyclic
A
M
P
sign
allin
g
in
breast
can
cer
cells
[65],
w
h
ich
m
irrored
th
e
differen
tial
expression
of
an
orph
an
7-tran
sm
em
bran
e
receptor
G
PR
30
[276].
Th
ere
are
observation
s
of
both
cell-surface
an
d
in
tracellular
expression
of
th
e
G
PER
receptor
[1647,1953].
N
om
enclature
G
PER
H
G
N
C
,U
niProt
G
PER1,Q
99527
Agonists
raloxifene
[1570]
Selective
agonists
G
1
[179]
Selective
antagonists
G
36
(pIC
50
6.8–6.9)
[438],G
15
(pIC
50
6.7)
[437]
Labelled
ligands
[ 3H
]17β-estradiol(Agonist)
[1953]
Searchable
database:http://w
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C
o
m
m
en
ts:A
n
tagon
ists
at
th
e
n
uclear
estrogen
receptor,such
as
fulvestran
t,tam
oxifen
[540]an
d
raloxifen
e
[1570],as
w
ellas
th
e
flavon
oid
‘ph
ytoestrogen
s’gen
istein
an
d
quercetin
[1241],are
agon
ists
at
G
PER
receptors.A
com
plete
review
of
G
PER
ph
arm
acology
h
as
been
recen
tly
publish
ed
[1607].
Fu
rth
er
read
in
g
o
n
G
p
ro
tein
-co
u
p
led
estro
g
en
recep
to
r
Prossn
itz
ER
etal.(2015)In
tern
ation
alU
n
ion
ofBasic
an
d
C
lin
icalPh
arm
acology.X
C
V
II.G
Protein
-
C
oupled
Estrogen
R
eceptor
an
d
Its
Ph
arm
acologic
M
odulators.
Pharm
acol.
Rev.
67
:
505-40
[PM
ID
:26023144]
Prossn
itz
ER
et
al.
(2015)
W
h
at
h
ave
w
e
learn
ed
about
G
PER
fun
ction
in
ph
ysiology
an
d
disease
from
kn
ockout
m
ice?
J.Steroid
Biochem
.M
ol.Biol.153
:114-26
[PM
ID
:26189910]
Form
ylpeptide
receptors
G
protein
-coupled
receptors→
Form
ylpeptide
receptors
O
verview
:
Th
e
form
ylpeptide
receptors
(n
o
m
en
clatu
re
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
th
e
fo
rm
ylp
ep
tid
e
recep
to
r
fam
ily
[2180])
respon
d
to
exogen
ous
ligan
ds
such
as
th
e
bacterial
product
fM
et-Leu-Ph
e
(fM
LP)
an
d
en
dogen
ous
ligan
ds
such
as
an
n
exin
I
(A
N
X
A
1,
P04083)
,
cath
epsin
G
(C
T
SG
,
P08311),
am
yloid
β42,
serum
am
yloid
A
an
d
spin
orph
in
,
derived
from
β-h
aem
oglobin
(H
BB,P68871).
N
om
enclature
FPR1
FPR2/ALX
FPR3
H
G
N
C
,U
niProt
FPR1,P21462
FPR2,P25090
FPR3,P25089
Potency
order
ofendogenous
ligands
fM
et-Leu-Phe
>
cathepsin
G
(CTSG
,P08311)
>
annexin
I(AN
XA1,P04083)
[1118,1895]
LX
A
4
=
aspirin
triggered
lipoxin
A4
=
ATLa2
=
resolvin
D
1
>
LTC
4
=
LTD
4 ≫
15-deoxy-LX
A4≫
fM
et-Leu-Phe
[365,544,546,684,1919]
–
Endogenous
agonists
–
LX
A
4
[1052],resolvin
D
1
[1052],aspirin-triggered
resolvin
D
1
[1051],
aspirin
triggered
lipoxin
A4
F2L
(H
EBP1,Q
9N
RV9)
[1333]
Agonists
fM
et-Leu-Phe
[575,1802]
–
–
Selective
agonists
–
ATLa2
[697]
–
Endogenous
antagonists
spinorphin
(pIC
50
4.3)
[1165,1404]
–
–
Antagonists
t-Boc-FLFLF
(pK
i 6–6.5)
[2095]
–
–
Selective
antagonists
cyclosporin
H
(pK
i 6.1–7.1)
[2095,2167]
W
RW
W
W
W
(pIC
50
6.6)
[83],t-Boc-FLFLF
(pIC
50
4.3–6)
[574,1867,
2061]
–
Labelled
ligands
[ 3H
]fM
et-Leu-Phe
(Agonist)
[1036]
[ 3H
]LX
A
4
(Agonist)
[544,545]
–
C
om
m
ents
A
FITC
-conjugated
fM
LP
analogue
has
been
used
for
binding
to
the
m
ouse
recom
binant
receptor
[758].
–
–
C
o
m
m
en
ts:N
ote
th
at
th
e
data
for
FPR
2/A
LX
are
also
reproduced
on
th
e
leukotrien
e
receptor
page.
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Fu
rth
er
read
in
g
o
n
Fo
rm
ylp
ep
tid
e
recep
to
rs
D
orw
ard
D
A
et
al.
(2015)
Th
e
R
ole
of
Form
ylated
Peptides
an
d
Form
yl
Peptide
R
eceptor
1
in
G
overn
in
g
N
eutroph
il
Fun
ction
durin
g
A
cute
In
flam
m
ation
.
A
m
.
J.
Pathol.
185
:
1172-1184
[PM
ID
:25791526]
D
ufton
N
etal.(2010)Th
erapeutic
an
ti-in
flam
m
atory
poten
tialofform
yl-peptide
receptoragon
ists.
Pharm
acol.
T
her.127
:175-88
[PM
ID
:20546777]
Liu
M
etal.(2012)G
protein
-coupled
receptor
FPR
1
as
a
ph
arm
acologic
targetin
in
flam
m
ation
an
d
h
um
an
glioblastom
a.
Int.Im
m
unopharm
acol.14
:283-8
[PM
ID
:22863814]
R
abiet
M
J
et
al.
(2011)
N
-form
yl
peptide
receptor
3
(FPR
3)
departs
from
th
e
h
om
ologous
FPR
2/A
LX
receptor
w
ith
regard
to
th
e
m
ajor
processes
govern
in
g
ch
em
oattractan
t
receptor
reg-
ulation
,
expression
at
th
e
cell
surface,
an
d
ph
osph
orylation
.
J.
Biol.
C
hem
.
286
:
26718-31
[PM
ID
:21543323]
Yazid
S
et
al.
(2012)
A
n
ti-in
flam
m
atory
drugs,
eicosan
oids
an
d
th
e
an
n
exin
A
1/FPR
2
an
ti-
in
flam
m
atory
system
.Prostaglandins
O
ther
Lipid
M
ediat.98
:94-100
[PM
ID
:22123264]
Ye
R
D
etal.(2009)In
tern
ation
alU
n
ion
ofBasic
an
d
C
lin
icalPh
arm
acology.LX
X
III.N
om
en
clature
for
th
e
form
ylpeptide
receptor
(FPR
)
fam
ily.
Pharm
acol.Rev.61
:119-61
[PM
ID
:19498085]
Free
fatty
acid
receptors
G
protein
-coupled
receptors→
Free
fatty
acid
receptors
O
verview
:
Free
fatty
acid
receptors
(FFA
,
n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
free
fatty
acid
recep
to
rs
[414,
1876])
are
activated
by
free
fatty
acids.
Lon
g-ch
ain
saturated
an
d
un
saturated
fatty
acids
(C
14.0
(m
yristic
acid),
C
16:0
(palm
itic
acid),
C
18:1
(oleic
acid),
C
18:2
(lin
oleic
acid),C
18:3,(α
-lin
olen
ic
acid),C
20:4
(arach
idon
ic
acid),
C
20:5,n
-3
(EPA
)
an
d
C
22:6,n
-3
(docosah
exaen
oic
acid))
activate
FFA
1
[223,872,1043]
an
d
FFA
4
receptors
[795,852,1494],w
h
ile
sh
ort
ch
ain
fatty
acids
(C
2
(acetic
acid),
C
3
(propan
oic
acid),
C
4
(butyric
acid)
an
d
C
5
(pen
tan
oic
acid))
activate
FFA
2
[231,
1117,
1465]
an
d
FFA
3
[231,
1117]
receptors.
Th
e
crystal
structure
for
agon
ist
boun
d
FFA
1
h
as
been
described
[1862].
N
om
enclature
FFA1
receptor
FFA2
receptor
H
G
N
C
,U
niProt
FFAR1,O
14842
FFAR2,O
15552
Endogenous
agonists
docosahexaenoic
acid
[223,872],α
-linolenic
acid
[223,872,1043],oleic
acid
[223,872,1043],
m
yristic
acid
[223,872,1043]
propanoic
acid
[231,1117,1465,1741],acetic
acid
[231,1117,1465,
1741],butyric
acid
[231,1117,1465,1741],trans-2-m
ethylcrotonic
acid
[1741],1-m
ethylcyclopropanecarboxylic
acid
[1741]
Selective
agonists
AM
G
-837
[1176],com
pound
4
[347],TU
G
-770
[346],TU
G
-905
[345],G
W
9508
(Partialagonist)
[222],fasiglifam
[935,1434,1862,1985]
com
pound
1
[840]–
Rat
Selective
antagonists
G
W
1100
(pIC
50
6)
[222,1875]
G
LPG
0974
(pIC
50
8.1)
[1423,1584],C
ATPB
(pIC
50
6.5)
[841]
C
om
m
ents
Antagonist
G
W
1100
is
also
an
oxytocin
receptor
antagonist
[222].Fasiglifam
,TU
G
-770
and
G
W
9508
are
approxim
ately
100
fold
selective
for
FFA1
over
FFA4
[222,346,1434].AM
G
-837
and
the
related
analogue
AM
6331
have
been
suggested
to
have
an
allosteric
m
echanism
ofaction
at
FFA1,w
ith
respect
to
the
orthosteric
fatty
acid
binding
site
[1176,2153].
–
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N
om
enclature
FFA3
receptor
FFA4
receptor
G
PR42
H
G
N
C
,U
niProt
FFAR3,O
14843
FFAR4,Q
5N
U
L3
G
PR42,O
15529
Endogenous
agonists
propanoic
acid
[231,1117,1741,2152],butyric
acid
[231,1117,1741,
2152],1-m
ethylcyclopropanecarboxylic
acid
[1741]
α
-linolenic
acid
[1794],m
yristic
acid
[2084],α
-linolenic
acid
[1932]–
Rat,
oleic
acid
[2084]
–
Agonists
acetic
acid
[231,1117,1741,2152]
–
–
Selective
agonists
–
com
pound
A
[1493],TU
G
-891
[1794],N
C
G
21
[1902]
–
C
om
m
ents
Beta-hydroxybutyrate
has
been
reported
to
antagonise
FFA3
responses
to
short
chain
fatty
acids
[997].A
range
ofFFA3
selective
m
olecules
w
ith
agonist
and
antagonist
properties,but
w
hich
bind
at
sites
distinct
from
the
short
chain
fatty
acid
binding
site
(i.e.allosteric
m
odulators),have
recently
been
described
[180,839,1226].
A
w
ide
range
ofboth
saturated
and
unsaturated
fatty
acids
containing
from
6
to
22
carbons
have
been
show
n
to
act
as
agonists
at
FFA4
[348]w
ith
a
sm
allsubset
listed
above.C
om
pound
A
[PM
ID
24997608]exhibits
m
ore
than
1000
fold
selectivity
[1493],and
TU
G
-891
50-1000
fold
selectivity
for
FFA4
over
FFA1
[1794],dependent
on
the
assay.N
G
C
21
exhibits
approxim
ately
15
fold
selectivity
for
FFA4
over
FFA1
[1894].
–
C
o
m
m
en
ts:Sh
ort
(361
am
in
o
acids)an
d
lon
g
(377
am
in
o
acids)
splice
varian
ts
of
h
um
an
FFA
4
h
ave
been
reported
[1372],w
h
ich
differ
by
a
16
am
in
o
acid
in
sertion
in
in
tracellular
loop
3,
an
d
exh
ibit
differen
ces
in
in
tracellular
sign
allin
g
properties
in
recom
-
bin
an
t
system
s
[2084].
Th
e
lon
g
FFA
4
splice
varian
t
h
as
n
ot
been
iden
tified
in
oth
er
prim
ates
or
roden
ts
to
date
[795,1372].
G
PR42
w
as
origin
ally
described
as
a
pseudogen
e
w
ith
in
th
e
fam
ily
(EN
SFM
00250000002583),
but
th
e
discovery
of
several
polym
or-
ph
ism
s
suggests
th
at
som
e
version
s
of
G
PR
42
m
ay
be
fun
ction
al
[1167].G
PR84
is
a
structurally-un
related
G
protein
-coupled
recep-
tor
w
h
ich
h
as
been
foun
d
to
respon
d
to
m
edium
ch
ain
fatty
acids
[2067].
Fu
rth
er
read
in
g
o
n
Free
fatty
acid
recep
to
rs
Bologn
in
iD
etal.(2016)Th
e
Ph
arm
acology
an
d
Fun
ction
ofR
eceptors
for
Sh
ort-C
h
ain
Fatty
A
cids.
M
ol.Pharm
acol.89
:388-98
[PM
ID
:26719580]
M
an
cin
i
A
D
et
al.
(2013)
Th
e
fatty
acid
receptor
FFA
1/G
PR
40
a
decade
later:
h
ow
m
uch
do
w
e
kn
ow
?
Trends
Endocrinol.M
etab.24
:398-407
[PM
ID
:23631851]
M
on
iriN
H
.(2016)Free-fatty
acid
receptor-4
(G
PR
120):C
ellularan
d
m
olecularfun
ction
an
d
its
role
in
m
etabolic
disorders.
Biochem
.Pharm
acol.110-111
:1-15
[PM
ID
:26827942]
Stoddart
LA
et
al.
(2008)
In
tern
ation
al
U
n
ion
of
Ph
arm
acology.
LX
X
I.
Free
fatty
acid
receptors
FFA
1,-2,an
d
-3:
ph
arm
acology
an
d
path
oph
ysiologicalfun
ction
s.
Pharm
acol.
Rev.
60
:
405-17
[PM
ID
:19047536]
Talukdar
S
et
al.
(2011)
Targetin
g
G
PR
120
an
d
oth
er
fatty
acid-sen
sin
g
G
PC
R
s
am
eliorates
in
sulin
resistan
ce
an
d
in
flam
m
atory
diseases.
Trends
Pharm
acol.Sci.32
:543-50
[PM
ID
:21663979]
W
atterson
K
R
et
al.
(2014)
Treatm
en
t
of
type
2
diabetes
by
free
Fatty
A
cid
receptor
agon
ists.
Front
Endocrinol(Lausanne)5
:137
[PM
ID
:25221541]
G
ABA
B
receptors
G
protein
-coupled
receptors→
G
A
BA
B
receptors
O
verview
:
Fun
ction
al
G
A
BA
B
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
G
A
B
A
B
re-
cep
to
rs
[199,
1579])
are
form
ed
from
th
e
h
eterodim
erization
of
tw
o
sim
ilar
7TM
subun
its
term
ed
G
A
BA
B1
an
d
G
A
BA
B2
[199,
506,
1578,
1579,
2002].
G
A
BA
B
receptors
are
w
idespread
in
th
e
C
N
S
an
d
regulate
both
pre-
an
d
postsyn
aptic
activity.
Th
e
G
A
BA
B1
subun
it,
w
h
en
expressed
alon
e,
bin
ds
both
an
tagon
ists
an
d
agon
ists,
but
th
e
affin
ity
of
th
e
latter
is
gen
erally
10-100-
fold
less
th
an
for
th
e
n
ative
receptor.
C
o-expression
of
G
A
BA
B1
an
d
G
A
BA
B2
subun
its
allow
s
tran
sport
of
G
A
BA
B1
to
th
e
cellsur-
face
an
d
gen
erates
a
fun
ction
alreceptor
th
at
can
couple
to
sign
al
tran
sduction
path
w
ays
such
as
h
igh
-voltage-activated
C
a 2+
ch
an
-
n
els
(C
av 2.1,C
av 2.2),or
in
w
ardly
rectifyin
g
potassium
ch
an
n
els
(K
ir3)
[147,
199,
200].
Th
e
G
A
BA
B1
subun
it
h
arbours
th
e
G
A
BA
(orth
osteric)-bin
din
g
site
w
ith
in
an
extracellular
dom
ain
(EC
D
)
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ven
us
flytrap
m
odule
(V
TM
),w
h
ereas
th
e
G
A
BA
B2
subun
it
m
edi-
ates
G
protein
-coupled
sign
allin
g
[199,622,624,1578].
Th
e
tw
o
subun
its
in
teract
by
direct
allosteric
couplin
g
[1367],
such
th
at
G
A
BA
B2
in
creases
th
e
affin
ity
of
G
A
BA
B1
for
agon
ists
an
d
recip-
rocally
G
A
BA
B1
facilitates
th
e
couplin
g
of
G
A
BA
B2
to
G
protein
s
[622,
1060,
1578].
G
A
BA
B1
an
d
G
A
BA
B2
subun
its
assem
ble
in
a
1:1
stoich
iom
etry
by
m
ean
s
of
a
coiled-coil
in
teraction
betw
een
α
-h
elices
w
ith
in
th
eir
carboxy-term
in
i
th
at
m
asks
an
en
doplas-
m
ic
reticulum
reten
tion
m
otif(R
X
R
R
)w
ith
in
th
e
G
A
BA
B1
subun
it
but
oth
er
dom
ain
s
of
th
e
protein
s
also
con
tribute
to
th
eir
h
et-
erom
erization
[147,
250,
1578].
R
ecen
t
eviden
ce
in
dicates
th
at
h
igh
er
order
assem
blies
of
G
A
BA
B
receptor
com
prisin
g
dim
ers
of
h
eterodim
ers
occurin
recom
bin
an
texpression
system
s
an
d
in
vivo
an
d
th
at
such
com
plexes
exh
ibit
n
egative
fun
ction
al
cooperativ-
ity
betw
een
h
eterodim
ers
[373,
1577].
A
ddin
g
furth
er
com
plex-
ity,K
C
TD
(potassium
ch
an
n
eltetram
erization
protein
s)8,12,12b
an
d
16
associate
as
tetram
ers
w
ith
th
e
carboxy
term
in
us
of
th
e
G
A
BA
B2
subun
it
to
im
part
altered
sign
allin
g
kin
etics
an
d
agon
ist
poten
cy
to
th
e
receptor
com
plex
[108,
1751,
1990]
an
d
are
re-
view
ed
by
[1580].
Th
e
m
olecular
com
plexity
of
G
A
BA
B
receptors
is
furth
er
in
creased
th
rough
association
w
ith
traffickin
g
an
d
ef-
fector
protein
s
[Sch
w
en
k
et
al.,2016,N
ature
N
euroscien
ce
19(2):
233-42]
an
d
review
ed
by
[1576].
Four
isoform
s
of
th
e
h
um
an
G
A
BA
B1
subun
it
h
ave
been
clon
ed.
Th
e
predom
in
an
t
G
A
BA
B1a
an
d
G
A
BA
B1b
isoform
s,
w
h
ich
are
m
ost
prevalen
t
in
n
eon
atal
an
d
adult
brain
tissue
respectively,
differ
in
th
eir
EC
D
sequen
ces
as
a
result
of
th
e
use
of
altern
ative
tran
scription
in
itiation
sites.
G
A
BA
B1a -con
tain
in
g
h
eterodim
erslocalise
to
distalaxon
san
d
m
e-
diate
in
h
ibition
of
glutam
ate
release
in
th
e
C
A
3-C
A
1
term
in
als,
an
d
G
A
BA
release
on
to
th
e
layer
5
pyram
idal
n
euron
s,
w
h
ereas
G
A
BA
B1b -con
tain
in
g
receptors
occur
w
ith
in
den
dritic
spin
es
an
d
m
ediate
slow
postsyn
aptic
in
h
ibition
[1613,
2035].
O
n
ly
th
e
1a
an
d
1b
varian
ts
are
iden
tified
as
com
pon
en
ts
of
n
ative
receptors
[199].
A
ddition
al
G
A
BA
B1
subun
it
isoform
s
h
ave
been
described
in
roden
ts
an
d
h
um
an
s
[1130]an
d
review
ed
by
[147].
N
om
enclature
G
ABA
B
receptor
Subunits
kctd12b
(Accessory
protein),KC
TD
16
(Accessory
protein),KC
TD
12
(Accessory
protein),G
ABA
B2 ,G
ABA
B1 ,KC
TD
8
(Accessory
protein)
Agonists
C
G
P
44532
[581]–
Rat,(-)-baclofen
[581]–
Rat,3-APPA
[800],baclofen
[800,2130],3-APM
PA
[2130]
Antagonists
C
G
P
62349
(pK
i 8.5–8.9)
[800,2130],C
G
P
55845
(pK
i 7.8)
[2130],SC
H
50911
(pK
i 5.5–6)
[800,2130],C
G
P
35348
(pK
i 4.4)
[2130],2-hydroxy-saclofen
(pIC
50
4.1)
[957]–
Rat
Labelled
ligands
[ 3H
]C
G
P
54626
(Antagonist)
(pK
i 9.1)
[922]–
Rat,[ 3H
]C
G
P
62349
(Antagonist)
(pK
d
9.1)
[964]–
Rat,[ 125I]C
G
P
64213
(Antagonist)
(pK
d
9)
[594]–
Rat,[ 125I]C
G
P
71872
(Antagonist)
(pK
d
9)
[957]–
Rat,[ 3H
](R)-(-)-baclofen
(Agonist)
Subunits
N
om
enclature
G
ABA
B1
G
ABA
B2
H
G
N
C
,U
niProt
G
ABBR1,Q
9U
BS5
G
ABBR2,O
75899
C
o
m
m
en
ts:Poten
ciesofagon
istsan
d
an
tagon
istslisted
in
th
e
ta-
ble,quan
tified
as
IC
50
values
for
th
e
in
h
ibition
of[ 3H
]C
G
P27492
bin
din
g
to
rat
cerebral
cortex
m
em
bran
es,
are
from
[199,
580,
581].
R
adioligan
d
K
D
values
relate
to
bin
din
g
to
rat
brain
m
em
-
bran
es.
C
G
P
71872
is
a
ph
otoaffin
ity
ligan
d
for
th
e
G
A
BA
B1
subun
it
[128].
C
G
P27492
(3-A
PPA
),
C
G
P35024
(3-A
PM
PA
)
an
d
C
G
P
44532
actasan
tagon
istsath
um
an
G
A
BA
A
ρ
1
receptors,w
ith
poten
cies
in
th
e
low
m
icrom
olar
ran
ge
[580].
In
addition
to
th
e
ligan
ds
listed
in
th
e
table,C
a 2+
bin
ds
to
th
e
V
TM
of
th
e
G
A
BA
B1
subun
it
to
act
as
a
positive
allosteric
m
odulator
of
G
A
BA
[594].
Syn
th
etic
positive
allosteric
m
odulators
w
ith
low
,or
n
o,in
trin
sic
activity
in
clude
C
G
P7930,G
S39783,BH
F-177
[2040]an
d
(+)-BH
FF
[9,
147,
154,
580].
Th
e
site
of
action
of
C
G
P7930
an
d
G
S39783
appears
to
be
on
th
e
h
eptah
elicaldom
ain
of
th
e
G
A
BA
B2
subun
it
[483,1578].In
th
e
presen
ce
ofC
G
P7930
or
G
S39783,C
G
P
35348
an
d
2-h
ydroxy-saclofen
beh
ave
as
partial
agon
ists
[580].
A
n
eg-
ative
allosteric
m
odulator
of
G
A
BA
B
activity
h
as
been
reported
[318].
K
n
ock-out
of
th
e
G
A
BA
B1
subun
it
in
C
57B
m
ice
causes
th
e
developm
en
t
of
severe
ton
ic-clon
ic
con
vulsion
s
th
at
prove
fatal
w
ith
in
a
m
on
th
of
birth
,
w
h
ereas
G
A
BA
B1
-/-
BA
LB/c
m
ice,
alth
ough
also
displayin
g
spon
tan
eous
epileptiform
activity,are
vi-
able.
Th
e
ph
en
otype
of
th
e
latter
an
im
als
addition
ally
in
cludes
h
yperalgesia,
h
yperlocom
otion
(in
a
n
ovel,
but
n
ot
fam
iliar,
en
-
viron
m
en
t),
h
yperdopam
in
ergia,
m
em
ory
im
pairm
en
t
an
d
be-
h
aviours
in
dicative
of
an
xiety
[510,
2008].
A
sim
ilar
ph
en
otype
h
as
been
foun
d
for
G
A
BA
B2
-/-
BA
LB/c
m
ice
[613].
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Fu
rth
er
read
in
g
o
n
G
A
B
A
B
recep
to
rs
Bow
ery
N
G
et
al.
(2002)
In
tern
ation
al
U
n
ion
of
Ph
arm
acology.
X
X
X
III.
M
am
m
alian
gam
m
a-
am
in
obutyricacid(B)
receptors:
structure
an
d
fun
ction
.
Pharm
acol
Rev.
54
:
247-264
[PM
ID
:12037141]
Froestl
W
.
(2011)
A
n
h
istorical
perspective
on
G
A
BA
ergic
drugs.
Future
M
ed
C
hem
3
:
163-75
[PM
ID
:21428811]
G
assm
an
n
M
etal.(2012)R
egulation
ofn
euron
alG
A
BA
(B)receptor
fun
ction
s
by
subun
it
com
posi-
tion
.N
at.Rev.N
eurosci.13
:380-94
[PM
ID
:22595784]
Pin
JP
et
al.
(2016)
O
rgan
ization
an
d
fun
ction
s
of
m
G
lu
an
d
G
A
BA
B
receptor
com
plexes.
N
ature
540
:60-68
[PM
ID
:27905440]
G
alanin
receptors
G
protein
-coupled
receptors→
G
alan
in
receptors
O
verview
:
G
alan
in
receptors
(p
ro
visio
n
al
n
o
m
en
cla-
tu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[557])
are
acti-
vated
by
th
e
en
dogen
ous
peptides
galan
in
(G
A
L,
P22466)
an
d
galan
in
-like
peptide
(G
A
LP,
Q
9U
BC
7).
H
um
an
galan
in
(G
A
L,
P22466)
is
a
30
am
in
o-acid
n
on
-am
idated
peptide
[525];in
oth
er
species,
it
is
29
am
in
o
acids
lon
g
an
d
C
-term
in
ally
am
idated.
A
m
in
o
acids
1–14
of
galan
in
are
h
igh
ly
con
served
in
m
am
m
als,
birds,
reptiles,
am
ph
ibia
an
d
fish
.
Sh
orter
peptide
species
(e.g.
h
um
an
galan
in
-1–19
[143]
an
d
porcin
e
galan
in
-5–29
[1809])
an
d
N
-term
in
ally
exten
ded
form
s
(e.g.
N
-term
in
ally
seven
an
d
n
in
e
residue
elon
gated
form
s
ofporcin
e
galan
in
[144,1809])h
ave
been
reported.
N
om
enclature
G
AL1
receptor
G
AL2
receptor
G
AL3
receptor
H
G
N
C
,U
niProt
G
ALR1,P47211
G
ALR2,O
43603
G
ALR3,O
60755
Potency
order
ofendogenous
ligands
galanin
(G
AL,P22466)
>
galanin-like
peptide
(G
ALP,
Q
9U
BC
7)
[1500]
galanin-like
peptide
(G
ALP,Q
9U
BC
7)≥
galanin
(G
AL,P22466)
[1500]
galanin-like
peptide
(G
ALP,Q
9U
BC
7)
>
galanin
(G
AL,
P22466)
[1095]
Agonists
–
galanin(2-29)
(rat/m
ouse)
[1526,2069,
2070,2071]–
Rat
–
Selective
agonists
–
[D
-Trp
2]galanin-(1-29)
[1834]–
Rat
–
Selective
antagonists
2,3-dihydro-1,4-dithiin-1,1,4,4-tetroxide
(pIC
50
5.6)
[1758]
M
871
(pK
i 7.9)
[1848]
SN
AP
398299
(pK
i 8.3)
[1033,1034,1906],
SN
AP
37889
(pK
i 7.8–7.8)
[1033,1034,1906]
Selective
allosteric
m
odulators
–
C
YM
2503
(Positive)
(pEC
50
9.2)
[1213]–
Rat
–
Labelled
ligands
[ 125I][Tyr 26]galanin
(hum
an)
(Agonist)
[552],
[ 125I][Tyr 26]galanin
(hum
an)
(Agonist)
[552]
[ 125I][Tyr 26]galanin
(hum
an)
(Agonist)
[2070]
–
Rat
[ 125I][Tyr 26]galanin
(pig)
(Agonist)
[191,1835]
C
om
m
ents
–
The
C
YM
2503
PAM
potentiates
the
anticonvulsant
activity
ofendogenous
galanin
in
m
ouse
seizure
m
odels
[1213].
–
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C
o
m
m
en
ts:
galan
in
-(1-11)
is
a
h
igh
-affin
ity
agon
ist
at
G
A
L
1 /G
A
L
2
(pK
i
9),
an
d
galan
in
(2-11)
is
selective
for
G
A
L
2
an
d
G
A
L
3
com
pared
w
ith
G
A
L
1
[1212].
[ 125I]-[Tyr 26]galan
in
bin
ds
to
allth
ree
subtypes
w
ith
K
d
values
gen
erally
reported
to
ran
ge
from
0.05
to
1
n
M
,depen
din
g
on
th
e
assay
con
dition
s
used
[552,1821,
1834,1835,2070].Porcin
e
galan
in
-(3-29)does
n
otbin
d
to
clon
ed
G
A
L
1 ,G
A
L
2
or
G
A
L
3
receptors,buta
receptor
th
atis
fun
ction
ally
activated
by
porcin
e
galan
in
-(3–29)h
as
been
reported
in
pituitary
an
d
gastric
sm
ooth
m
uscle
cells
[691,
2142].
A
ddition
al
galan
in
receptor
subtypes
are
also
suggested
from
studies
w
ith
ch
im
eric
peptides
(e.g.
M
15,
M
35
an
d
M
40),
w
h
ich
act
as
an
tagon
ists
in
fun
ction
alassays
in
th
e
cardiovascular
system
[2000],spin
alcord
[2114],
locus
coeruleus,
h
ippocam
pus
[106]
an
d
h
ypoth
alam
us
[107,
1142],
but
exh
ibit
agon
ist
activity
at
som
e
periph
eral
sites
[107,
691].
Th
e
ch
im
eric
peptides
M
15,
M
32,
M
35,
M
40
an
d
C
7
are
agon
ists
at
G
A
L
1
receptors
expressed
en
dogen
ously
in
Bow
es
h
um
an
m
elan
om
a
cells
[1500],
an
d
at
h
eterologously
expressed
recom
bin
an
t
G
A
L
1 ,G
A
L
2
an
d
G
A
L
3
receptors
[552,1834,1835].
R
ecen
t
studies
h
ave
described
th
e
syn
th
esis
of
a
series
of
n
ovel,
system
ically-active,
galan
in
an
alogues,
w
ith
m
odest
preferen
tial
bin
din
g
at
th
e
G
A
L
2
receptor.
Specific
ch
em
ical
m
odification
s
to
th
e
galan
in
backbon
e
in
creased
brain
levels
of
th
ese
peptides
after
i.v.
in
jection
an
d
several
of
th
ese
peptides
exerted
a
poten
t
an
tidepressan
t-like
effect
in
m
ouse
m
odels
of
depression
[1698].
Fu
rth
er
read
in
g
o
n
G
alan
in
recep
to
rs
Foord
SM
etal.(2005)In
tern
ation
alU
n
ion
ofPh
arm
acology.X
LV
I.G
protein
-coupled
receptor
list.
Pharm
acolRev
57
:279-288
[PM
ID
:15914470]
Lan
g
R
et
al.
(2015)
Ph
ysiology,
sign
alin
g,
an
d
ph
arm
acology
of
galan
in
peptides
an
d
receptors:
th
ree
decades
of
em
ergin
g
diversity.
Pharm
acol.Rev.67
:118-75
[PM
ID
:25428932]
Lan
g
R
et
al.
(2011)
Th
e
galan
in
peptide
fam
ily
in
in
flam
m
ation
.
N
europeptides
45
:
1-8
[PM
ID
:21087790]
Law
ren
ce
C
et
al.
(2011)
G
alan
in
-like
peptide
(G
A
LP)
is
a
h
ypoth
alam
ic
regulator
of
en
ergy
h
om
e-
ostasis
an
d
reproduction
.
FrontN
euroendocrinol32
:1-9
[PM
ID
:20558195]
W
eblin
g
K
E
et
al.
(2012)
G
alan
in
receptors
an
d
ligan
ds.
Front
Endocrinol
(Lausanne)
3
:
146
[PM
ID
:23233848]
G
hrelin
receptor
G
protein
-coupled
receptors→
G
h
relin
receptor
O
verview
:
Th
e
gh
relin
receptor
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
fo
r
th
e
G
h
relin
recep
-
to
r
[415])
is
activated
by
a
28
am
in
o-acid
peptide
origin
ally
isolated
from
rat
stom
ach
,w
h
ere
it
is
cleaved
from
a
117
am
in
o-
acid
precursor
(G
H
RL,Q
9U
BU
3).
Th
e
h
um
an
gen
e
en
codin
g
th
e
precursor
peptide
h
as
83%
sequen
ce
h
om
ology
to
rat
prepro-
gh
relin
,
alth
ough
th
e
m
ature
peptides
from
rat
an
d
h
um
an
dif-
fer
by
on
ly
tw
o
am
in
o
acids
[1285].
A
ltern
ative
splicin
g
results
in
th
e
form
ation
of
a
secon
d
peptide,
[des-G
ln
14]gh
relin
(G
H
RL,
Q
9U
BU
3)
w
ith
equipoten
t
biological
activity
[822].
A
un
ique
post-tran
slation
al
m
odification
(octan
oylation
of
Ser 3,
catalysed
by
gh
relin
O
-acyltran
sferase
(M
BO
AT
4,Q
96T53)
[2170]
occurs
in
both
peptides,
essen
tial
for
full
activity
in
bin
din
g
to
gh
relin
re-
ceptors
in
th
e
h
ypoth
alam
us
an
d
pituitary,
an
d
for
th
e
release
of
grow
th
h
orm
on
e
from
th
e
pituitary
[1029].
Structure
activ-
ity
studies
sh
ow
ed
th
e
first
five
N
-term
in
al
am
in
o
acids
to
be
th
e
m
in
im
um
required
for
bin
din
g
[122],
an
d
receptor
m
utage-
n
esis
h
as
in
dicated
overlap
of
th
e
gh
relin
bin
din
g
site
w
ith
th
ose
for
sm
all
m
olecule
agon
ists
an
d
allosteric
m
odulators
of
gh
relin
(G
H
RL,
Q
9U
BU
3)
fun
ction
[814].
In
cell
system
s,
th
e
gh
relin
re-
ceptor
is
con
stitutively
active
[815],but
th
is
is
abolish
ed
by
a
n
at-
urally
occurrin
g
m
utation
(A
204E)
th
at
results
in
decreased
cell
surface
receptor
expression
an
d
is
associated
w
ith
fam
ilial
sh
ort
stature
[1527].
N
om
enclature
ghrelin
receptor
H
G
N
C
,U
niProt
G
H
SR,Q
92847
Potency
order
ofendogenous
ligands
ghrelin
(G
H
RL,Q
9U
BU
3)
=
[des-G
ln
14]ghrelin
(G
H
RL,Q
9U
BU
3)
[121,1285]
Selective
antagonists
G
SK1614343
(pIC
50
8.4)
[1699],G
SK1614343
(pK
B
8)
[1556]–
Rat
Labelled
ligands
[ 125I][H
is 9]ghrelin
(hum
an)
(Agonist)
[956],[ 125I][Tyr 4]ghrelin
(hum
an)
(Agonist)
[1394]
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C
o
m
m
en
ts:
[des-octan
oyl]gh
relin
(G
H
RL,
Q
9U
BU
3)
h
as
been
sh
ow
n
to
bin
d
(as
[ 125I]Tyr 4-des-octan
oyl-gh
relin
)
an
d
h
ave
ef-
fects
in
th
e
cardiovascular
system
[121],w
h
ich
raises
th
e
possible
existen
ce
of
differen
t
receptor
subtypes
in
periph
eral
tissues
an
d
th
e
cen
tral
n
ervous
system
.
A
poten
t
in
verse
agon
ist
h
as
been
iden
tified
([D
-A
rg
1,D
-Ph
e 5,D
-Trp
7,9,Leu
11]substan
ce
P,
pD
2
8.3;
[812]).U
lim
orelin
,described
as
a
gh
relin
receptoragon
ist(pK
i 7.8
an
d
pD
2
7.5
at
h
um
an
recom
bin
an
t
gh
relin
receptors),h
as
been
sh
ow
n
to
stim
ulate
gh
relin
receptorm
ediated
food
in
take
an
d
gas-
tric
em
ptyin
g
butn
otelicitrelease
ofgrow
th
h
orm
on
e,or
m
odify
gh
relin
stim
ulated
grow
th
h
orm
on
e
release,
th
us
ph
arm
acolog-
ically
discrim
in
atin
g
th
e
orexigen
ic
an
d
gastroin
testin
al
action
s
of
gh
relin
(G
H
RL,Q
9U
BU
3)
from
th
e
release
of
grow
th
h
orm
on
e
[567].
A
n
um
ber
of
selective
an
tagon
ists
h
ave
been
reported,
in
-
cludin
g
peptidom
im
etic
[1393]
an
d
n
on
-peptide
sm
allm
olecules
in
cludin
g
G
SK
1614343
[1556,1699].
Fu
rth
er
read
in
g
o
n
G
h
relin
recep
to
r
A
n
drew
s
ZB.(2011)
Th
e
extra-h
ypoth
alam
ic
action
s
of
gh
relin
on
n
euron
al
fun
ction
.
Trends
N
eu-
rosci.34
:31-40
[PM
ID
:21035199]
A
n
gelidis
G
et
al.
(2010)
C
urren
t
an
d
poten
tial
roles
of
gh
relin
in
clin
ical
practice.
J.
Endocrinol.
Invest.33
:823-38
[PM
ID
:21293171]
Briggs
D
I
etal.
(2011)
M
etabolic
status
regulates
gh
relin
fun
ction
on
en
ergy
h
om
eostasis.N
euroen-
docrinology
93
:48-57
[PM
ID
:21124019]
C
allagh
an
B
et
al.
(2014)
N
ovelan
d
con
ven
tion
alreceptors
for
gh
relin
,desacyl-gh
relin
,an
d
ph
ar-
m
acologically
related
com
poun
ds.
Pharm
acol.Rev.66
:984-1001
[PM
ID
:25107984]
D
aven
port
A
P
etal.(2005)
In
tern
ation
alU
n
ion
ofPh
arm
acology.LV
I.G
h
relin
receptor
n
om
en
cla-
ture,distribution
,an
d
fun
ction
.
Pharm
acol.Rev.57
:541-6
[PM
ID
:16382107]
G
lucagon
receptor
fam
ily
G
protein
-coupled
receptors→
G
lucagon
receptor
fam
ily
O
verview
:
Th
e
glucagon
fam
ily
of
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
th
e
G
lu
cag
o
n
recep
to
r
fam
ily
[1296])
are
activated
by
th
e
en
dogen
ous
peptide
(27-44
aa)
h
orm
on
es
glucagon
(G
C
G
,
P01275),
glucagon
-like
peptide
1
(G
C
G
,
P01275),
glucagon
-like
peptide
2
(G
C
G
,
P01275),
glucose-depen
den
t
in
sulin
otropic
polypeptide
(also
kn
ow
n
as
gastric
in
h
ibitory
polypeptide
(G
IP,
P09681)),
G
H
R
H
(G
H
RH
,
P01286)
an
d
secretin
(SC
T
,
P09683).
O
n
e
com
m
on
precursor
(G
C
G
)
gen
erates
glucagon
(G
C
G
,
P01275),
glucagon
-like
peptide
1
(G
C
G
,
P01275)
an
d
glucagon
-like
peptide
2
(G
C
G
,P01275)
peptides
[866].
N
om
enclature
G
H
RH
receptor
G
IP
receptor
G
LP-1
receptor
H
G
N
C
,U
niProt
G
H
RH
R,Q
02643
G
IPR,P48546
G
LP1R,P43220
Endogenous
agonists
–
gastric
inhibitory
polypeptide
(G
IP,P09681)
[2042]
glucagon-like
peptide
1-(7-36)
am
ide
(G
CG
,P01275)
[927],
glucagon-like
peptide
1-(7-37)
(G
CG
,P01275)
[449]
Agonists
JI-38
[265],serm
orelin
–
liraglutide
[1020],lixisenatide
[2097],W
B4-24
[528]
Selective
agonists
BIM
28011
[393],tesam
orelin
–
exendin-4
[1346],exendin-4
[927],exendin-3
(P20394)
[1635]
Selective
antagonists
JV-1-36
(pK
i 10.1–10.4)
[1733,2026,2027]–
Rat,
JV-1-38
(pK
i 10.1)
[1733,2026,2027]–
Rat
[Pro
3]G
IP
[615]–
M
ouse
exendin-(9-39)
(pK
i 8.1)
[927],G
LP-1-(9-36)
(pIC
50
6.9)
[1368]–
Rat,T-0632
(pIC
50
4.7)
[1961]
Labelled
ligands
[ 125I]G
H
RH
(hum
an)
(Agonist)
[196]–
Rat
[ 125I]G
IP
(hum
an)
(Agonist)
[593]–
Rat
[ 125I]G
LP-1-(7-36)-am
ide
(Agonist)
[927],[ 125I]exendin-(9-39)
(Antagonist)
(pK
d
8.3)
[927],[ 125I]G
LP-1-(7-37)
(hum
an)
(Agonist)
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N
om
enclature
G
LP-2
receptor
glucagon
receptor
secretin
receptor
H
G
N
C
,U
niProt
G
LP2R,O
95838
G
CG
R,P47871
SCTR,P47872
Endogenous
agonists
glucagon-like
peptide
2
(G
CG
,P01275)
[1958]
glucagon
(G
CG
,P01275)
[1587]
secretin
(SCT,P09683)
[343]
Agonists
teduglutide
[1310]
–
–
Selective
antagonists
–
L-168,049
(pIC
50
8.4)
[282],adom
eglivant
(pK
i
8.2)
[963,967],des-H
is 1-[G
lu
9]glucagon-N
H
2
(pA
2
7.2)
[2004,2005]–
Rat,N
N
C
92-1687
(pK
i
5)
[1234],BAY27-9955
[1566]
[(C
H
2 N
H
) 4,5]secretin
(pK
i 5.3)
[704]
Labelled
ligands
–
[ 125I]glucagon
(hum
an,m
ouse,rat)
(Agonist)
[ 125I](Tyr 10)secretin-27
(rat)
(Agonist)
[2001]–
Rat
C
o
m
m
en
ts:
Th
e
glucagon
receptor
h
as
been
reported
to
in
teract
w
ith
receptor
activity
m
odifyin
g
protein
s
(R
A
M
Ps),specifically
R
A
M
P2,in
h
eterologous
expression
system
s
[349],alth
ough
th
e
ph
ysio-
logicalsign
ifican
ce
of
th
is
h
as
yet
to
be
establish
ed.
Fu
rth
er
read
in
g
o
n
G
lu
cag
o
n
recep
to
r
fam
ily
A
h
rén
B.
(2015)
G
lucagon
–Early
breakth
rough
s
an
d
recen
t
discoveries.
Peptides
67
:
74-81
[PM
ID
:25814364]
C
am
pbellJE
etal.(2013)
Ph
arm
acology,ph
ysiology,an
d
m
ech
an
ism
s
of
in
cretin
h
orm
on
e
action
.
C
ellM
etab.17
:819-37
[PM
ID
:23684623]
D
on
n
elly
D
.(2012)
Th
e
structure
an
d
fun
ction
of
th
e
glucagon
-like
peptide-1
receptor
an
d
its
lig-
an
ds.Br.J.Pharm
acol.166
:27-41
[PM
ID
:21950636]
K
azda
C
M
et
al.
(2016)
Evaluation
of
Efficacy
an
d
Safety
of
th
e
G
lucagon
R
eceptor
A
n
tagon
ist
LY
2409021
in
Patien
ts
W
ith
Type
2
D
iabetes:
12-
an
d
24-W
eek
Ph
ase
2
Studies.
D
iabetes
C
are
39
:1241-9
[PM
ID
:26681715]
M
ayo
K
E
etal.(2003)
In
tern
ation
alU
n
ion
of
Ph
arm
acology.
X
X
X
V.Th
e
glucagon
receptor
fam
ily.
Pharm
acol.Rev.55
:167-94
[PM
ID
:12615957]
Trujillo
JM
et
al.
(2014)
G
LP-1
receptor
agon
ists
for
type
2
diabetes
m
ellitus:
recen
t
developm
en
ts
an
d
em
ergin
g
agen
ts.
Pharm
acotherapy
34
:1174-86
[PM
ID
:25382096]
G
lycoprotein
horm
one
receptors
G
protein
-coupled
receptors→
G
lycoprotein
h
orm
on
e
receptors
O
verview
:
G
lycoprotein
h
orm
on
e
receptors
(p
ro
visio
n
al
n
o
m
en
clatu
re
[557])
are
activated
by
a
n
on
-covalen
t
h
et-
erodim
eric
glycoprotein
m
ade
up
of
a
com
m
on
α
ch
ain
(glycoprotein
h
orm
on
e
com
m
on
alph
a
subun
it
(C
G
A
,
P01215)
C
G
A
,
P01215),
w
ith
a
un
ique
β
ch
ain
th
at
con
fers
th
e
biologi-
calspecificity
to
FSH
(C
G
A
FSH
B,P01215
P01225),LH
(C
G
A
LH
B,
P01215
P01229),h
C
G
(C
G
A
C
G
B3,P01215
P01233)
or
TSH
(C
G
A
T
SH
B,
P01215
P01222).
Th
ere
is
bin
din
g
cross-reactivity
across
th
e
en
dogen
ous
agon
ists
foreach
ofth
e
glycoprotein
h
orm
on
e
re-
ceptors.
Th
e
deglycosylated
h
orm
on
es
appear
to
exh
ibit
reduced
efficacy
at
th
ese
receptors
[1701].
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N
om
enclature
FSH
receptor
LH
receptor
TSH
receptor
H
G
N
C
,U
niProt
FSH
R,P23945
LH
CG
R,P22888
TSH
R,P16473
Potency
order
ofendogenous
ligands
FSH
(CG
A
FSH
B,P01215
P01225)
LH
(CG
A
LH
B,P01215
P01229),hC
G
(CG
A
CG
B3,P01215
P01233)
TSH
(CG
A
TSH
B,P01215
P01222)
Endogenous
agonists
FSH
(CG
A
FSH
B,P01215
P01225)
hC
G
(CG
A
CG
B3,P01215
P01233)
[907,1411],LH
(CG
A
LH
B,P01215
P01229)
[907,
1411]
TSH
(CG
A
TSH
B,P01215
P01222)
Labelled
ligands
[ 125I]FSH
(hum
an)
(Agonist)
[ 125I]LH
(Agonist),[ 125I]chorionic
gonadotropin
(hum
an)
(Agonist)
[ 125I]TSH
(hum
an)
(Agonist)
Fu
rth
er
read
in
g
o
n
G
lyco
p
ro
tein
h
o
rm
o
n
e
recep
to
rs
Jian
g
X
et
al.
(2012)
Structure
of
follicle-stim
ulatin
g
h
orm
on
e
in
com
plex
w
ith
th
e
en
tire
ectodom
ain
of
its
receptor.Proc.N
atl.A
cad.Sci.U
.S.A
.109
:12491-6
[PM
ID
:22802634]
K
lein
au
G
et
al.
TSH
receptor
m
utation
s
an
d
disease.
A
ccessed
on
2017-02-23.
Th
yroid
D
isease
M
an
ager.
Tao
Y
X
et
al.
(2009)
Follicle
stim
ulatin
g
h
orm
on
e
receptor
m
utation
s
an
d
reproductive
disorders.
Prog
M
olBiolTranslSci89
:115-31
[PM
ID
:20374735]
Troppm
an
n
B
et
al.
(2013)
Structural
an
d
fun
ction
al
plasticity
of
th
e
lutein
izin
g
h
or-
m
on
e/ch
oriogon
adotroph
in
receptor.
H
um
.Reprod.U
pdate
19
:583-602
[PM
ID
:23686864]
G
onadotrophin-releasing
horm
one
receptors
G
protein
-coupled
receptors→
G
on
adotroph
in
-releasin
g
h
orm
on
e
receptors
O
verview
:
G
n
R
H
1
an
d
G
n
R
H
2
receptors
(p
ro
viso
n
al
n
o
m
en
-
clatu
re
[557],also
called
Type
I
an
d
Type
II
G
n
R
H
receptor,re-
spectively
[1342])h
ave
been
clon
ed
from
n
um
erous
species,m
ost
ofw
h
ich
express
tw
o
orth
ree
types
ofG
n
R
H
receptor[1341,1342,
1810].
G
n
R
H
I
(G
N
RH
1,P01148)
(p-G
lu-H
is-Trp-Ser-Tyr-G
ly-Leu-
A
rg-Pro-G
ly-N
H
2)
is
a
h
ypoth
alam
ic
decapeptide
also
kn
ow
n
as
lutein
izin
g
h
orm
on
e-releasin
g
h
orm
on
e,gon
adoliberin
,luliberin
,
gon
adorelin
or
sim
ply
as
G
n
R
H
.
It
is
a
m
em
ber
of
a
fam
ily
of
sim
ilar
peptides
foun
d
in
m
an
y
species
[1341,1342,1810]in
clud-
in
g
G
n
R
H
II(G
N
RH
2,O
43555)(pG
lu-H
is-Trp-Ser-H
is-G
ly-Trp-Tyr-
Pro-G
ly-N
H
2
(w
h
ich
is
also
kn
ow
n
as
ch
icken
G
n
R
H
-II).
R
ecep-
tors
for
th
ree
form
s
ofG
n
R
H
existin
som
e
species
buton
ly
G
n
R
H
I
an
d
G
n
R
H
II
an
d
th
eir
cogn
ate
receptors
h
ave
been
foun
d
in
m
am
m
als
[1341,
1342,
1810].
G
n
R
H
1
receptors
are
expressed
by
pituitary
gon
adotroph
s,
w
h
ere
th
ey
m
ediate
th
e
effects
of
G
n
R
H
on
gon
adotropin
h
orm
on
e
syn
th
esis
an
d
secretion
th
at
un
derpin
cen
tral
con
trol
of
m
am
m
alian
reproduction
.
G
n
R
H
an
alogues
are
used
in
assisted
reproduction
an
d
to
treat
steroid
h
orm
on
e-depen
den
tcon
dition
s[981].N
otably,agon
istscause
de-
sen
sitization
ofG
n
R
H
-stim
ulated
gon
adotropin
secretion
an
d
th
e
con
sequen
t
reduction
in
circulatin
g
sex
steroids
is
exploited
to
treat
h
orm
on
e-depen
den
t
can
cers
of
th
e
breast,
ovary
an
d
prostate
[981].G
n
R
H
1
receptors
are
selectively
activated
by
G
n
R
H
I
an
d
all
lack
th
e
C
O
O
H
-term
in
al
tails
foun
d
in
oth
er
G
PC
R
s.
G
n
R
H
2
receptors
do
h
ave
C
O
O
H
-term
in
altails
an
d
(w
h
ere
tested)
are
selective
for
G
n
R
H
II
over
G
n
R
H
I.
G
n
R
H
2
receptors
are
ex-
pressed
by
som
e
prim
ates
but
n
ot
by
h
um
an
s
[1377].
Ph
yloge-
n
etic
classification
s
divide
G
n
R
H
receptors
in
to
th
ree
[1342]
or
five
groups
[2117]
an
d
h
igh
ligh
t
exam
ples
of
gen
e
loss
th
rough
evolution
,w
ith
h
um
an
s
retain
in
g
on
ly
on
e
an
cien
t
gen
e.
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N
om
enclature
G
nRH
1
receptor
G
nRH
2
receptor
H
G
N
C
,U
niProt
G
N
RH
R,P30968
G
N
RH
R2,Q
96P88
Potency
order
ofendogenous
ligands
G
nRH
I(G
N
RH
1,P01148)
>
G
nRH
II(G
N
RH
2,O
43555)
[1342]
G
nRH
II(G
N
RH
2,O
43555)
>
G
nRH
I(G
N
RH
1,P01148)
(M
onkey)
[1340]
Endogenous
agonists
G
nRH
I(G
N
RH
1,P01148)
[1214],G
nRH
II(G
N
RH
2,O
43555)
[550,1214,1869]
G
nRH
II(G
N
RH
2,O
43555)
[1340]–
M
onkey,G
nRH
I
(G
N
RH
1,P01148)
[1340]–
M
onkey
Selective
agonists
buserelin
[1432],buserelin
[1431],buserelin
[1431],triptorelin
[118],leuprolide
[1881],goserelin,
histrelin,nafarelin
–
Antagonists
iturelix
(pK
i 9.5)
[1664]
–
Selective
antagonists
cetrorelix
(pK
i 9.3–10)
[119,120,1881],abarelix
(pK
i 9.1–9.5)
[1881],degarelix
(pK
i 8.8)
[2017],
ganirelix
trptorelix-1
[1246]–
M
onkey
Labelled
ligands
[ 125I]cetrorelix
(Antagonist)
(pK
d
9.7)
[807],[ 125I]triptorelin
(Agonist)
[435]–
Rat,[ 125I]buserelin
(Agonist)
[1076]–
Rat,[ 125I]G
nRH
I(hum
an,m
ouse,rat)
(Agonist)
–
C
o
m
m
en
ts:
G
n
R
H
1
an
d
G
n
R
H
2
receptors
couple
prim
arily
to
G
q/11
[686]
but
couplin
g
to
G
s
an
d
G
i
is
eviden
t
in
som
e
sys-
tem
s
[1056,
1076].
G
n
R
H
2
receptors
m
ay
also
m
ediate
(h
et-
erotrim
eric)
G
protein
-in
depen
den
t
sign
allin
g
to
protein
kin
ases
[289].Th
ere
is
in
creasin
g
eviden
ce
for
expression
of
G
n
R
H
recep-
tors
on
h
orm
on
e-depen
den
t
can
cer
cells
w
h
ere
th
ey
can
exert
an
-
tiproliferative
an
d/or
proapoptotic
effects
an
d
m
ediate
effects
of
cytotoxin
s
con
jugated
to
G
n
R
H
an
alogues
[324,741,1174,1732].
In
som
e
h
um
an
can
cer
cell
m
odels
G
n
R
H
II
(G
N
RH
2,
O
43555)
is
m
ore
poten
t
th
an
G
n
R
H
I
(G
N
RH
1,
P01148),
im
plyin
g
m
edi-
ation
by
G
n
R
H
2
receptors
[690],but
G
n
R
H
2
receptors
are
n
ot
ex-
pressed
by
h
um
an
s
because
th
e
h
um
an
G
N
R
H
R
2
gen
e
con
tain
s
a
fram
e
sh
ift
an
d
in
tern
al
stop
codon
[1377].
Th
e
possibility
re-
m
ain
s
th
at
th
is
gen
e
gen
erates
G
n
R
H
2
receptor’related
protein
s
(oth
er
th
an
th
e
full-len
gth
receptor)
th
at
m
ediate
respon
ses
to
G
n
R
H
II
(G
N
RH
2,
O
43555)
(see
[1436]).
A
ltern
atively,
eviden
ce
for
m
ultiple
active
G
n
R
H
receptor
con
form
ation
s
[289,290,541,
1293,
1342]
raises
th
e
possibility
th
at
G
n
R
H
1
receptor-m
ediated
proliferation
in
h
ibition
in
h
orm
on
e-depen
den
t
can
cer
cells
is
de-
pen
den
tupon
differen
tcon
form
ation
sth
an
effectson
G
q/11
in
pi-
tuitary
cells[290,1293].Loss-of-fun
ction
m
utation
sin
th
e
G
n
R
H
1
receptor
an
d
deficien
cy
of
G
n
R
H
I
(G
N
RH
1,
P01148)
are
associ-
ated
w
ith
h
ypogon
adotropic
h
ypogon
adism
alth
ough
som
e
’loss
of
fun
ction
’m
utation
s
m
ay
actually
preven
t
traffickin
g
of
’fun
c-
tion
al’G
n
R
H
1
receptors
to
th
e
cellsurface,as
eviden
ced
by
recov-
ery
offun
ction
by
n
on
peptide
an
tagon
ists
[1124].H
um
an
G
n
R
H
1
receptors
are
poorly
expressed
atth
e
cellsurface
because
offailure
to
m
eet
structuralquality
con
trolcriteria
for
en
doplasm
ic
reticu-
lum
exit
[542,1124],an
d
th
is
in
crease
susceptibility
to
poin
t
m
u-
tation
s
th
at
furth
er
im
pair
traffickin
g
[542,1124].G
n
R
H
receptor
sign
allin
g
m
ay
require
receptor
oligom
erisation
[376,1054].
Fu
rth
er
read
in
g
o
n
G
o
n
ad
o
tro
p
h
in
-releasin
g
h
o
rm
o
n
e
recep
to
rs
Lim
on
ta
P
et
al.
(2012)
G
n
R
H
receptors
in
can
cer:
from
cell
biology
to
n
ovel
targeted
th
erapeutic
strategies.
Endocr.Rev.33
:784-811
[PM
ID
:22778172]
M
cA
rdle
C
A
an
d
R
oberson
M
S..(2015)G
on
adotropes
an
d
gon
adotropin
-releasin
g
h
orm
on
e
sign
al-
in
g.In
K
nobiland
N
eill’s
Physiology
ofReproduction
(4th
edition).Edited
by
Plan
tTM
an
d
Zelezn
ik
A
J.:Elsevier
In
c.:[ISBN
:9780123971753]
M
illar
R
P
et
al.
(2004)
G
on
adotropin
-releasin
g
h
orm
on
e
receptors.
Endocr
Rev
25
:
235-275
[PM
ID
:15082521]
Tao
Y
X
et
al.
(2014)
C
h
aperon
in
g
G
protein
-coupled
receptors:
from
cell
biology
to
th
erapeutics.
Endocr.Rev.35
:602-47
[PM
ID
:24661201]
Searchable
database:http://w
w
w.guidetopharm
acology.org/index.jsp
G
onadotrophin-releasing
horm
one
receptors
S74
FullC
ontents
ofC
onciseG
uide:http://onlinelibrary.w
iley.com
/doi/10.1111/bph.13878/full
S.P.H.Alexanderetal.The
Concise
Guide
to
PHARM
ACOLOGY
2017/18:G
protein-coupled
receptors.British
JournalofPharm
acology
(2017)174,S17–S129
G
PR18,G
PR55
and
G
PR119
G
protein
-coupled
receptors→
G
PR
18,G
PR
55
an
d
G
PR
119
O
verview
:
G
PR
18,G
PR
55
an
d
G
PR
119
(p
ro
visio
n
al
n
o
m
en
clatu
re),alth
ough
sh
ow
in
g
little
structural
sim
ilarity
to
C
B
1
an
d
C
B
2
can
n
abin
oid
receptors,respon
d
to
en
dogen
ous
agen
ts
an
alogous
to
th
e
en
dogen
ous
can
n
abin
oid
ligan
ds,as
w
ell
as
som
e
n
atural/syn
th
etic
can
n
abin
oid
receptor
ligan
ds
[1564].
A
lth
ough
th
ere
are
m
ultiple
reports
to
in
dicate
th
at
G
PR
18,G
PR
55
an
d
G
PR
119
can
be
activated
in
vitro
by
N
-arach
idon
oylglycin
e,lysoph
osph
atidylin
ositolan
d
N
-oleoyleth
an
olam
ide,respectively,th
ere
is
a
lack
ofeviden
ce
for
activation
by
th
ese
lipid
m
essen
gers
in
vivo.A
s
such
,th
erefore,
th
ese
receptors
retain
th
eir
orph
an
status.
N
om
enclature
G
PR18
G
PR55
G
PR119
H
G
N
C
,U
niProt
G
PR18,Q
14330
G
PR55,Q
9Y2T6
G
PR119,Q
8TD
V5
Potency
order
ofendogenous
ligands
–
–
N
-oleoylethanolam
ide,
N
-palm
itoylethanolam
ine
>
SEA
(anandam
ide
is
ineffective)
[1520]
Endogenous
agonists
N
-arachidonoylglycine
[1026]
lysophosphatidylinositol[773,1502,
1854],
2-arachidonoylglycerolphosphoinositol
[1504]
N
-oleoylethanolam
ide
[354,1520,1854],
N
-palm
itoylethanolam
ine,SEA
Selective
agonists
–
AM
251
[773,948,1695]
AS1269574
[2190],PSN
632408
[1520],
PSN
375963
[1520]
Selective
antagonists
–
C
ID
16020046
(pA
2
7.3)
[949]
–
C
om
m
ents
The
pairing
ofN
-arachidonoylglycine
w
ith
G
PR18
w
as
not
replicated
in
tw
o
studies
based
on
arrestin
assays
[1854,2182].See
[414]for
discussion.
See
review
s
[414]and
[1800].
In
addition
to
those
show
n
above,further
sm
all
m
olecule
agonists
have
been
reported
[722].
C
o
m
m
en
ts:
G
PR
18
failed
to
respon
d
to
a
variety
of
lipid-
derived
agen
ts
in
an
in
vitro
screen
[2182],
but
h
as
been
re-
ported
to
be
activated
by
$
9-tetrah
ydrocan
n
abin
ol[1308].G
PR
55
respon
ds
to
A
M
251
an
d
rim
on
aban
t
at
m
icrom
olar
con
cen
tra-
tion
s,
com
pared
to
th
eir
n
an
om
olar
affin
ity
as
C
B
1
receptor
an
tagon
ists/in
verse
agon
ists
[1564].
It
h
as
been
reported
th
at
lysoph
osph
atidylin
ositol
acts
at
oth
er
sites
in
addition
to
G
PR
55
[2164].
N
-A
rach
idon
oylserin
e
h
as
been
suggested
to
act
as
a
low
efficacy
agon
ist/an
tagon
ist
at
G
PR
18
in
vitro
[1306].
It
h
as
also
been
suggested
oleoyl-lysoph
osph
atidylch
olin
e
acts,
at
least
in
part,
th
rough
G
PR
119
[1466].
A
lth
ough
PSN
375963
an
d
PSN
632408
produce
G
PR
119-depen
den
t
respon
ses
in
h
eterolo-
gousexpression
system
s,com
parison
w
ith
N
-oleoyleth
an
olam
ide-
m
ediated
respon
ses
suggests
addition
al
m
ech
an
ism
s
of
action
[1466].
Fu
rth
er
read
in
g
o
n
G
P
R
18,G
P
R
55
an
d
G
P
R
119
D
aven
port
A
P
et
al.
(2013)
In
tern
ation
alU
n
ion
of
Basic
an
d
C
lin
icalPh
arm
acology.
LX
X
X
V
III.G
protein
-coupled
receptor
list:
recom
m
en
dation
s
for
n
ew
pairin
gs
w
ith
cogn
ate
ligan
ds.
Phar-
m
acol.Rev.65
:967-86
[PM
ID
:23686350]
H
assin
g
H
A
et
al.
(2016)
Biased
sign
alin
g
of
lipids
an
d
allosteric
action
s
of
syn
th
etic
m
olecules
for
G
PR
119.
Biochem
Pharm
acol119
:66-75
[PM
ID
:27569424]
Liu
B
et
al.
(2015)
G
PR
55:
from
orph
an
to
m
etabolic
regulator?
Pharm
acol
T
her
145
:
35-42
[PM
ID
:24972076]
Pertw
ee
R
G
etal.(2010)In
tern
ation
alU
n
ion
ofBasic
an
d
C
lin
icalPh
arm
acology.LX
X
IX
.C
an
n
abi-
n
oid
receptors
an
d
th
eir
ligan
ds:
beyon
d
C
B_1
an
d
C
B_2.
Pharm
acol.
Rev.
62
:
588-631
[PM
ID
:21079038]
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database:http://w
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H
istam
ine
receptors
G
protein
-coupled
receptors→
H
istam
in
e
receptors
O
verview
:
H
istam
in
e
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
H
istam
in
e
R
ecep
to
rs
[790,
1528])
are
activated
by
th
e
en
dogen
ous
ligan
d
h
istam
in
e.
M
arked
species
differen
ces
exist
betw
een
h
istam
in
e
receptor
or-
th
ologues
[790].Th
e
h
um
an
an
d
ratH
3
receptor
gen
es
are
subject
to
sign
ifican
tsplice
varian
ce
[91].Th
e
poten
cy
order
ofh
istam
in
e
ath
istam
in
e
receptorsubtypesisH
3
=
H
4
>
H
2
>
H
1
[1528].Som
e
agon
ists
at
th
e
h
um
an
H
3
receptor
display
sign
ifican
t
ligan
d
bias
[1659].A
n
tagon
ists
ofall4
h
istam
in
e
receptors
h
ave
clin
icaluses:
H
1
an
tagon
ists
for
allergies
(e.g.
cetirizin
e),
H
2
an
tagon
ists
for
acid-reflux
diseases
(e.g.ran
itidin
e),H
3
an
tagon
ists
forn
arcolepsy
(e.g.
pitolisan
t/W
A
K
IX
;R
egistered)
an
d
H
4
an
tagon
ists
for
atopic
derm
atitis
(e.g.ZPL-3893787;Ph
ase
IIa)
[1528].
N
om
enclature
H
1
receptor
H
2
receptor
H
3
receptor
H
4
receptor
H
G
N
C
,U
niProt
H
RH
1,P35367
H
RH
2,P25021
H
RH
3,Q
9Y5N
1
H
RH
4,Q
9H
3N
8
Selective
agonists
m
ethylhistaprodifen
[1766],histaprodifen
[1173]
am
tham
ine
[1048]
im
m
ethridine
[1011],m
ethim
epip
[1010],
M
K-0249
(Inverse
agonist)
[1413]
clobenpropit
(Partialagonist)
[517,1173,1188,1189,1389],
4-m
ethylhistam
ine
[617,1173],
ST-1006
[1528],VU
F
8430
[1172]
Antagonists
cyproheptadine
(pK
i 10.2)
[1352],
prom
ethazine
(pK
i 9.6)
[636],pyrilam
ine
(Inverse
agonist)
(pK
i 8.7–9)
[188,1634],
cetirizine
(Inverse
agonist)
(pK
i 8.2)
[1352],
diphenhydram
ine
(pK
i 7.9)
[188]
–
iodophenpropit
(pK
i 8.2–8.7)
[2112,2139]
–
Sub/fam
ily-selective
antagonists
–
–
thioperam
ide
(Selective
for
H
3 /H
4
com
pared
to
H
1
and
H
3 .)
(pK
i 7.1–7.7)
[368,516,517,
1170,1211,2112,2139]
thioperam
ide
(Selective
for
H
3 /H
4
com
pared
to
H
1
and
H
3 .)
(pK
i
6.3–7.6)
[516,517,1188,1189,
1389,2226]
Selective
antagonists
clem
astine
(pK
i 10.3)
[71],desloratadine
(pK
i
9)
[1156],triprolidine
(pK
i 8.5–9)
[188,1352],
azelastine
(pK
i 8.9)
[1606],astem
izole
(pK
i
8.5)
[1547]
tiotidine
(pK
i 7.5)
[149]–
Rat,
ranitidine
(pK
i 7.1)
[1152],
cim
etidine
(pK
i 6.8)
[274]
pitolisant
(pK
i 8.1–8.6)
[1528,2254],A331440
(pK
i 8.5)
[723],conessine
(pK
i 8.3)
[1528],
M
K-0249
(pK
i 8.2)
[1528],ciproxifan
(pK
i
6.7–7.3)
[368,516,517,1170,1528,2139]
ZPL-3893787
(pK
i 8.3)
[1528],
IN
C
B-38579
(pK
i 8.3)
[1528],
JN
J7777120
(pK
i 7.8–8.3)
[1173,
1839,1959],JN
J-39758979
(pK
i
7.9)
[1528,1727]
Labelled
ligands
[ 3H
]pyrilam
ine
(Antagonist,Inverse
agonist)
(pK
d
8.4–9.1)
[422,1352,1746,1766],
[ 11C
]doxepin
(Antagonist)
(pK
d
9)
[869],
[ 11C
]pyrilam
ine
(Antagonist,Inverse
agonist)
[ 125I]iodoam
inopotentidine
(Antagonist)
(pK
d
8.7)
[1082]
–
Rat,[ 3H
]tiotidine
(Antagonist)
(pK
d
7.7–8.7)
[1363]
[ 123I]iodoproxyfan
(Antagonist)
(pK
d
10.2)
[1170],[ 125I]iodophenpropit
(Antagonist)
(pK
d
9.2)
[891]–
Rat,[ 3H
](R)-α
-m
ethylhistam
ine
(Agonist)
[1188],N
-[ 3H
]α
-m
ethylhistam
ine
(Agonist)
[317]–
M
ouse
[ 3H
]JN
J7777120
(Antagonist)
(pK
d
8.4)
[1959]
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C
o
m
m
en
ts:
h
istaprodifen
an
d
m
eth
ylh
istaprodifen
are
reduced
efficacy
agon
ists.Th
e
H
4
receptorappears
to
exh
ibitbroadly
sim
i-
lar
ph
arm
acology
to
th
e
H
3
receptor
for
im
idazole-con
tain
in
g
lig-
an
ds,alth
ough
(R)-α
-m
eth
ylh
istam
in
e
an
d
N
-α
-m
eth
ylh
istam
in
e
are
less
poten
t,w
h
ile
cloben
propit
acts
as
a
reduced
efficacy
ago-
n
istatth
e
H
4
receptoran
d
an
an
tagon
istatth
e
H
3
receptor[1188,
1419,
1455,
1489,
2226].
M
oreover,
4-m
eth
ylh
istam
in
e
is
iden
-
tified
as
a
h
igh
affin
ity,
full
agon
ist
for
th
e
h
um
an
H
4
receptor
[1173].
[ 3H
]h
istam
in
e
h
as
been
used
to
label
th
e
H
4
receptor
in
h
eterologous
expression
system
s.
Fu
rth
er
read
in
g
o
n
H
istam
in
e
recep
to
rs
G
bah
ou
F
et
al.
(2012)
Th
e
h
istam
in
e
autoreceptor
is
a
sh
ort
isoform
of
th
e
H
_3
receptor.
Br.
J.
Pharm
acol.166
:1860-71
[PM
ID
:22356432]
N
ieto-A
lam
illa
G
etal.(2016)Th
e
H
istam
in
e
H
3
R
eceptor:Structure,Ph
arm
acology,an
d
Fun
ction
.
M
ol.Pharm
acol.90
:649-673
[PM
ID
:27563055]
Pan
ula
P
et
al.
(2015)
In
tern
ation
alU
n
ion
of
Basic
an
d
C
lin
icalPh
arm
acology.
X
C
V
III.H
istam
in
e
R
eceptors.Pharm
acol.Rev.67
:601-55
[PM
ID
:26084539]
van
R
ijn
R
M
etal.(2008)
C
lon
in
g
an
d
ch
aracterization
of
dom
in
an
t
n
egative
splice
varian
ts
of
th
e
h
um
an
h
istam
in
e
H
4
receptor.
Biochem
.J.414
:121-31
[PM
ID
:18452403]
H
ydroxycarboxylic
acid
receptors
G
protein
-coupled
receptors→
H
ydroxycarboxylic
acid
receptors
O
verview
:
Th
e
h
ydroxycarboxylic
acid
fam
ily
of
receptors
(EN
SFM
00500000271913,
n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
H
yd
ro
x
ycarb
o
x
ylic
acid
recep
to
rs
[414,
1491])
respon
d
to
organ
ic
acids,in
cludin
g
th
e
en
dogen
ous
h
ydroxy
carboxylic
acids
3-h
ydroxy
butyric
acid
an
d
L-lactic
acid,
as
w
ell
as
th
e
lipid
low
erin
g
agen
ts
n
icotin
ic
acid
(n
iacin
),acipim
ox
an
d
acifran
[1842,1989,2125].Th
ese
receptors
w
ere
provision
ally
described
as
n
icotin
ic
acid
receptors,alth
ough
n
icotin
ic
acid
sh
ow
s
subm
icrom
olar
poten
cy
at
H
C
A
2
receptors
on
ly
an
d
is
un
likely
to
be
th
e
n
aturalligan
d
[1989,2125].
N
om
enclature
H
C
A
1
receptor
H
C
A
2
receptor
H
C
A
3
receptor
H
G
N
C
,U
niProt
H
CAR1,Q
9BX
C
0
H
CAR2,Q
8TD
S4
H
CAR3,P49019
Potency
order
ofendogenous
ligands
–
β-D
-hydroxybutyric
acid
>
butyric
acid
–
Endogenous
agonists
L-lactic
acid
[16,266,1190,1854]
β-D
-hydroxybutyric
acid
[1912],butyric
acid
3-hydroxyoctanoic
acid
[15]
Agonists
3,5-dihydroxybenzoic
acid
[1187]
SC
H
900271
[1522],G
SK256073
[1861]
–
Selective
agonists
–
M
K
6892
[1788],M
K
1903
[166],nicotinic
acid
[1842,1989,2125],
acipim
ox
[1842,2125],m
onom
ethylfum
arate
[1933]
com
pound
6o
[1820],IBC
293
[1769]
Labelled
ligands
–
[ 3H
]nicotinic
acid
(Agonist)
[1842,1989,2125]
–
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C
o
m
m
en
ts:
Furth
er
closely-related
G
PC
R
s
in
clude
th
e
5-oxoeicosan
oid
receptor(O
X
ER1,Q
8TD
S5)an
d
G
PR31
(O
00270).
Lactate
activates
H
C
A
1
on
adipocytes
in
an
autocrin
e
m
an
n
er.
It
in
h
ibits
lipolysis
an
d
th
ereby
prom
otes
an
abolic
effects.
H
C
A
2
an
d
H
C
A
3
regulate
adipocyte
lipolysis
an
d
im
m
un
e
fun
ction
s
un
-
der
con
dition
s
of
in
creased
FFA
form
ation
th
rough
lipolysis
(e.g.,
durin
g
fastin
g).
H
C
A
2
agon
ists
actin
g
m
ain
ly
th
rough
th
e
recep-
tor
on
im
m
un
e
cells
exertan
tiath
erogen
ic
an
d
an
ti-in
flam
m
atory
effects.
H
C
A
2
is
also
a
receptor
for
butyrate
an
d
m
ediates
som
e
ofth
e
ben
eficialeffects
ofsh
ort-ch
ain
fatty
acids
produced
by
gut
m
icrobiota.
Fu
rth
er
read
in
g
o
n
H
yd
ro
x
ycarb
o
x
ylic
acid
recep
to
rs
Boatm
an
PD
et
al.
(2008)
N
icotin
ic
acid
receptor
agon
ists.
J.
M
ed.
C
hem
.
51
:
7653-62
[PM
ID
:18983141]
G
raff
EC
et
al.
(2016)
A
n
ti-in
flam
m
atory
effects
of
th
e
h
ydroxycarboxylic
acid
receptor
2.
M
etab.
C
lin.Exp.65
:102-13
[PM
ID
:26773933]
K
am
an
n
a
V
S
et
al.
(2013)
R
ecen
t
advan
ces
in
n
iacin
an
d
lipid
m
etabolism
.
C
urr.
O
pin.
Lipidol.
24
:
239-45
[PM
ID
:23619367]
O
fferm
an
n
s
S.(2017)H
ydroxy-C
arboxylic
A
cid
R
eceptor
A
ction
s
in
M
etabolism
.
Trends
Endocrinol.
M
etab.[PM
ID
:28087125]
O
fferm
an
n
s
S
et
al.
(2011)
In
tern
ation
al
U
n
ion
of
Basic
an
d
C
lin
ical
Ph
arm
acology.
LX
X
X
II:
N
om
en
clature
an
d
C
lassification
ofH
ydroxy-carboxylic
A
cid
R
eceptors
(G
PR
81,G
PR
109A
,an
d
G
PR
109B).Pharm
acol.Rev.63
:269-90
[PM
ID
:21454438]
O
fferm
an
n
s
S
et
al.
(2015)
N
utrition
al
or
ph
arm
acological
activation
of
H
C
A
(2)
am
eliorates
n
eu-
roin
flam
m
ation
.
Trends
M
olM
ed
21
:245-55
[PM
ID
:25766751]
Kisspeptin
receptor
G
protein
-coupled
receptors→
K
isspeptin
receptor
O
verview
:
Th
e
kisspeptin
receptor
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
th
e
k
issp
ep
tin
re-
cep
to
r
[1004]),like
n
europeptide
FF
(N
PFF),prolactin
-releasin
g
peptide
(PrP)
an
d
Q
R
FP
receptors
(provision
al
n
om
en
clature)
re-
spon
ds
to
en
dogen
ous
peptides
w
ith
an
argin
in
e-ph
en
ylalan
in
e-
am
ide
(R
Fam
ide)
m
otif.
K
isspeptin
-54
(K
ISS1,
Q
15726)
(K
P54,
origin
ally
n
am
ed
m
etastin
),kisspeptin
-13
(K
ISS1,Q
15726)(K
P13)
an
d
kisspeptin
-10
(K
ISS1)
(K
P10)
are
biologically-active
peptides
cleaved
from
th
e
K
ISS1
(Q
15726)
gen
e
product.
K
isspeptin
s
h
ave
roles
in
,
for
exam
ple,
can
cer
m
etastasis,
fertility/puberty
regula-
tion
an
d
glucose
h
om
eostasis.
N
om
enclature
kisspeptin
receptor
H
G
N
C
,U
niProt
KISS1R,Q
969F8
Endogenous
agonists
kisspeptin-10
(KISS1)
[1041,1501],kisspeptin-54
(KISS1,Q
15726)
[1041,1501],kisspeptin-14
(KISS1,Q
15726)
[1041],kisspeptin-13
(KISS1,Q
15726)
[1041]
Selective
agonists
4-fluorobenzoyl-FG
LRW
-N
H
2
[1973],[dY] 1KP-10
[401]–
M
ouse
Selective
antagonists
peptide
234
[1674]
Labelled
ligands
[ 125I]Tyr 45-kisspeptin-15
(Agonist)
[1501],[ 125I]kisspeptin-13
(hum
an)
(Agonist)
[1314],[ 125I]kisspeptin-10
(hum
an)
(Agonist)
[1041],[ 125I]kisspeptin-14
(hum
an)
(Agonist)
[1314]
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Fu
rth
er
read
in
g
o
n
K
issp
ep
tin
recep
to
r
K
an
da
S
et
al.
(2013)
Structure,syn
th
esis,an
d
ph
ylogen
y
of
kisspeptin
an
d
its
receptor.
A
dv.
Exp.
M
ed.Biol.784
:9-26
[PM
ID
:23550000]
K
irby
H
R
et
al.
(2010)
In
tern
ation
al
U
n
ion
of
Basic
an
d
C
lin
ical
Ph
arm
acology.
LX
X
V
II.
K
isspeptin
receptor
n
om
en
clature,
distribution
,
an
d
fun
ction
.
Pharm
acol.
Rev.
62
:
565-78
[PM
ID
:21079036]
M
illar
R
P
et
al.
(2010)
K
isspeptin
an
tagon
ists:
un
ravelin
g
th
e
role
of
kisspeptin
in
reproductive
ph
ysiology.
Brain
Res.1364
:81-9
[PM
ID
:20858467]
O
akley
A
E
etal.(2009)
K
isspeptin
sign
alin
g
in
th
e
brain
.
Endocr.Rev.30
:713-43
[PM
ID
:19770291]
Pasquier
J
et
al.
(2014)
M
olecular
evolution
of
G
PC
R
s:
K
isspeptin
/kisspeptin
receptors.
J.M
ol.
En-
docrinol.52
:T101-17
[PM
ID
:24577719]
Leukotriene
receptors
G
protein
-coupled
receptors→
Leukotrien
e
receptors
O
verview
:
Th
e
leukotrien
e
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
su
b
co
m
m
ittee
o
n
L
eu
k
o
trien
e
R
ecep
to
rs
[257,
258])
are
activated
by
th
e
en
dogen
ous
ligan
ds
leukotrien
es
(LT),
syn
th
esized
from
lipoxygen
ase
m
etabolism
of
arach
idon
ic
acid.
Th
e
h
um
an
BLT
1
recep-
tor
is
th
e
h
igh
affin
ity
LTB
4
receptor
w
h
ereas
th
e
BLT
2
re-
ceptor
in
addition
to
bein
g
a
low
-affin
ity
LTB
4
receptor
also
bin
ds
several
oth
er
lipoxygen
ase-products,
such
as
12S-H
ETE,
12S-H
PETE,
15S-H
ETE,
an
d
th
e
th
rom
boxan
e
syn
th
ase
product
12-h
ydroxyh
eptadecatrien
oic
acid.
Th
e
BLT
receptors
m
ediate
ch
em
otaxis
an
d
im
m
un
om
odulation
in
several
leukocyte
popu-
lation
s
an
d
are
in
addition
expressed
on
n
on
-m
yeloid
cells,such
as
vascular
sm
ooth
m
uscle
an
d
en
doth
elial
cells.
In
addition
to
BLT
receptors,LTB
4
h
as
been
reported
to
bin
d
to
th
e
peroxisom
e
proliferator
activated
receptor
(PPA
R
)
α
[1178]
an
d
th
e
van
illoid
TR
PV
1
ligan
d-gated
n
on
selective
cation
ch
an
n
el
[1307].
Th
e
re-
ceptors
for
th
e
cystein
yl-leukotrien
es
(i.e.
LTC
4 ,
LTD
4
an
d
LTE
4 )
are
term
ed
C
ysLT
1
an
d
C
ysLT
2
an
d
exh
ibitdistin
ctexpression
pat-
tern
s
in
h
um
an
tissues,m
ediatin
g
forexam
ple
sm
ooth
m
uscle
cell
con
traction
,
regulation
of
vascular
perm
eability,
an
d
leukocyte
activation
.
Th
ere
is
also
eviden
ce
in
th
e
literature
for
addition
al
C
ysLT
receptor
subtypes,derived
from
fun
ction
alin
vitro
studies,
radioligan
d
bin
din
g
an
d
in
m
ice
lackin
g
both
C
ysLT
1
an
d
C
ysLT
2
receptors
[258].
C
ystein
yl-leukotrien
es
h
ave
also
been
suggested
to
sign
al
th
rough
th
e
P2Y
12
receptor
[570,
1473,
1534],
G
PR
17
[359]an
d
G
PR
99
[943].
N
om
enclature
BLT
1
receptor
BLT
2
receptor
C
ysLT
1
receptor
C
ysLT
2
receptor
H
G
N
C
,U
niProt
LTB4R,Q
15722
LTB4R2,Q
9N
PC
1
CYSLTR1,Q
9Y271
CYSLTR2,Q
9N
S75
Potency
order
ofendogenous
ligands
LTB
4
>
20-hydroxy-LTB
4
≫
12R-H
ETE
[2185]
12-hydroxyheptadecatrienoic
acid
>
LTB
4
>
12S-H
ETE
=
12S-H
PETE
>
15S-H
ETE
>
12R-H
ETE
>
20-hydroxy-LTB
4
[1510,2185]
LTD
4
>
LTC
4
>
LTE4
[1222,1716]
LTC
4 ≥
LTD
4 ≫
LTE4
[767,1477,
1920]
Endogenous
agonists
–
12S-H
ETE
(Partialagonist)
[2185]
–
–
Antagonists
–
–
IC
I198615
(pK
i 9.7)
[591]–
G
uinea
pig
BAYu9773
(pA
2
6.8–7.7)
[1988]–
Rat
Selective
antagonists
BIIL
260
(pK
i 8.8)
[156,485],
C
P105696
(pIC
50
8.1)
[1803],
U
75302
(pK
i 6.4)
[174]
LY255283
(pIC
50
6–7.1)
[780,2185]
zafirlukast
(pIC
50
8.6–8.7)
[1222,1716],
SR2640
(pK
i 8.7),m
ontelukast
(pIC
50
8.3–8.6)
[1222,1716],sulukast
(pK
i 8.3),
pobilukast
(pIC
50
7.5)
[1716]
BayC
ysLT
2
(pIC
50
6.6–7.3)
[1456]
Labelled
ligands
[ 3H
]LTB
4
(Agonist)
[2184],
[ 3H
]C
G
S23131
(Antagonist)
(pK
d
7.9)
[877]
[ 3H
]LTB
4
(pK
d
7.6–9.7)
[ 3H
]LTD
4
(Agonist),[ 3H
]IC
I-198615
(Antagonist)
(pK
d
10.6)
[1682]
[ 3H
]LTD
4
(Agonist)
[767]
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N
om
enclature
O
X
E
receptor
FPR2/ALX
H
G
N
C
,U
niProt
O
XER1,Q
8TD
S5
FPR2,P25090
Potency
order
ofendogenous
ligands
5-oxo-ETE,5-oxo-C
20:3,5-oxo-O
D
E
>
5-oxo-15-H
ETE
>
5S-H
PETE
>
5S-H
ETE
[823,920,1538]
LX
A
4
=
aspirin
triggered
lipoxin
A4
=
ATLa2
=
resolvin
D
1
>
LTC
4
=
LTD
4 ≫
15-deoxy-LX
A4≫
fM
et-Leu-Phe
[365,544,546,684,1919]
Endogenous
agonists
5-oxo-ETE
[672,1483,1538,1597,1752]
LX
A
4
[1052],resolvin
D
1
[1052],aspirin-triggered
resolvin
D
1
[1051],
aspirin
triggered
lipoxin
A4
Selective
agonists
–
ATLa2
[697]
Endogenous
antagonists
5-oxo-12-H
ETE
(pIC
50
6.3)
[1596]
–
Selective
antagonists
–
W
RW
W
W
W
(pIC
50
6.6)
[83],t-Boc-FLFLF
(pIC
50
4.3–6)
[574,1867,2061]
Labelled
ligands
[ 3H
]5-oxo-ETE
(Agonist)
[1483]
[ 3H
]LX
A
4
(Agonist)
[544,545]
C
o
m
m
en
ts:Th
e
FPR
2/A
LX
receptor(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
su
b
co
m
m
ittee
o
n
L
eu
k
o
trien
e
an
d
L
ip
o
x
in
R
ecep
to
rs
[258])is
activated
by
th
e
en
dogen
ous
lipid-
derived,an
ti-in
flam
m
atory
ligan
ds
lipoxin
A
4
(LX
A
4 )an
d
15-epi-
LX
A
4
(aspirin
triggered
lipoxin
A
4,
A
TL).
Th
e
FPR
2/A
LX
recep-
tor
also
in
teracts
w
ith
en
dogen
ous
peptide
an
d
protein
ligan
ds,
such
as
M
H
C
bin
din
g
peptide
[330]as
w
ellas
an
n
exin
I
(A
N
X
A
1,
P04083)
(A
N
X
A
1)
an
d
its
N
-term
in
al
peptides
[379,
1560].
In
addition
,
a
soluble
h
ydrolytic
product
of
protease
action
on
th
e
urokin
ase-type
plasm
in
ogen
activator
receptor
h
as
been
reported
to
activate
th
e
FPR
2/A
LX
receptor[1646].Furth
erm
ore,FPR
2/A
LX
h
as
been
suggested
to
act
as
a
receptor
m
ediatin
g
th
e
proin
flam
-
m
atory
action
s
of
th
e
acute-ph
ase
reactan
t,
serum
am
yloid
A
[1840,1883].Th
e
agon
istactivity
ofth
e
lipid
m
ediators
described
h
asbeen
question
ed
[732,1585],w
h
ich
m
ay
derive
from
batch
-to-
batch
differen
ces,
partial
agon
ism
or
biased
agon
ism
.
R
ecen
t
re-
sults
from
C
ooray
etal.(2013)[379]h
ave
addressed
th
is
issue
an
d
th
e
role
of
h
om
odim
ers
an
d
h
eterodim
ers
in
in
tracellular
sign
al-
in
g.
A
receptor
selective
for
LX
B
4
h
as
been
suggested
from
fun
c-
tion
al
studies
[58,1232,1670].
N
ote
th
at
th
e
data
for
FPR
2/A
LX
are
also
reproduced
on
th
e
Form
ylpeptide
receptor
pages.
O
xoeicosan
oid
receptors
(O
X
E,n
o
m
en
clatu
re
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
su
b
co
m
m
ittee
o
n
O
x
o
eico
san
o
id
R
ecep
to
rs
[219])
are
activated
by
en
dogen
ous
ch
em
otactic
eicosan
oid
lig-
an
ds
oxidised
atth
e
C
-5
position
,w
ith
5-oxo-ETE
th
e
m
ostpoten
t
agon
ist
iden
tified
for
th
is
receptor.
In
itial
ch
aracterization
of
th
e
h
eterologously
expressed
O
X
E
receptor
suggested
th
at
polyun
sat-
urated
fatty
acids,such
as
docosah
exaen
oic
acid
an
d
EPA
,acted
as
receptor
an
tagon
ists
[823].
Fu
rth
er
read
in
g
o
n
L
eu
k
o
trien
e
recep
to
rs
Bäck
M
etal.(2011)In
tern
ation
alU
n
ion
ofBasic
an
d
C
lin
icalPh
arm
acology.LX
X
X
IV
:leukotrien
e
receptor
n
om
en
clature,
distribution
,
an
d
path
oph
ysiological
fun
ction
s.
Pharm
acol.
Rev.
63
:
539-84
[PM
ID
:21771892]
Bäck
M
et
al.
(2014)
U
pdate
on
leukotrien
e,lipoxin
an
d
oxoeicosan
oid
receptors:
IU
PH
A
R
R
eview
7.Br.J.Pharm
acol.171
:3551-74
[PM
ID
:24588652]
Brin
k
C
et
al.
(2004)
In
tern
ation
al
U
n
ion
of
Ph
arm
acology
X
LIV.
N
om
en
clature
for
th
e
O
xoe-
icosan
oid
R
eceptor.
Pharm
acol.Rev.56
:149-157
[PM
ID
:15001665]
Brin
k
C
et
al.
(2003)
In
tern
ation
alU
n
ion
of
Ph
arm
acology
X
X
X
V
II.N
om
en
clature
for
leukotrien
e
an
d
lipoxin
receptors.
Pharm
acol.Rev.55
:195-227
[PM
ID
:12615958]
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Lysophospholipid
(LPA)
receptors
G
protein
-coupled
receptors→
Lysoph
osph
olipid
(LPA
)
receptors
O
verview
:
Lysoph
osph
atidic
acid
(LPA
)
receptors
(n
o
m
en
-
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
Lyso
p
h
o
sp
h
o
lip
id
R
ecep
to
rs
[414,
983])
are
activated
by
th
e
en
dogen
ous
ph
osph
olipid
m
etabolite
LPA
.
Th
e
first
receptor,
LPA
1 ,
w
as
iden
tified
as
ventricular
zone
gene-1
(vzg-1),
leadin
g
to
deorph
an
isation
of
m
em
bers
of
th
e
en
doth
elial
dif-
feren
tiation
gen
e
(edg)
fam
ily
as
oth
er
LPA
receptors
alon
g
w
ith
sph
in
gosin
e
1-ph
osph
ate
(S1P)
receptors.
A
ddition
al
LPA
recep-
tor
G
PC
R
s
w
ere
later
iden
tified.
G
en
e
n
am
es
h
ave
been
codi-
fied
as
LPA
R1,
etc.
to
reflect
th
e
receptor
fun
ction
of
protein
s.
Th
e
crystal
structure
of
LPA
1
w
as
recen
tly
solved
an
d
dem
on
-
strates
extracellular
LPA
access
to
th
e
bin
din
g
pocket,
con
sis-
ten
t
w
ith
proposed
delivery
via
autotaxin
.
Th
ese
studies
h
ave
also
im
plicated
cross-talk
w
ith
en
docan
n
abin
oids
via
ph
osph
o-
rylated
in
term
ediates
th
at
can
also
activate
th
ese
receptors.
Th
e
iden
tified
receptors
can
accoun
t
for
m
ost,
alth
ough
n
ot
all,
LPA
-
in
duced
ph
en
om
en
a
in
th
e
literature,in
dicatin
g
th
ata
m
ajority
of
LPA
-depen
den
t
ph
en
om
en
a
are
receptor-m
ediated.
R
adioligan
d
bin
din
g
h
as
been
con
ducted
in
h
eterologous
expression
system
s
usin
g
[ 3H
]LPA
(e.g.
[586]).
In
n
ative
system
s,an
alysis
of
bin
din
g
data
is
com
plicated
by
m
etabolism
an
d
h
igh
levels
of
n
on
specific
bin
din
g,an
d
th
erefore
th
e
relation
sh
ip
betw
een
recom
bin
an
tan
d
en
dogen
ously
expressed
receptors
is
un
clear.
Targeted
deletion
of
LPA
receptors
h
as
clarified
sign
allin
g
path
w
ays
an
d
iden
tified
ph
ysiological
an
d
path
oph
ysiological
roles.
In
depen
den
t
valida-
tion
by
m
ultiple
groups
h
as
been
reported
in
th
e
peer-review
ed
literature
for
all
six
LPA
receptors
described
in
th
e
tables,in
clud-
in
g
furth
er
validation
usin
g
a
distin
ct
read-out
via
a
n
ovel
TG
Fα
"sh
eddin
g"
assay
[864].
LPA
h
as
also
been
described
as
an
ago-
n
ist
for
th
e
tran
sien
t
receptor
poten
tial
(Trp)
ion
ch
an
n
el
TR
PV
1
[1461]an
d
TR
PA
1
[1012].In
addition
,orph
an
G
PC
R
s(PSP24
[547]
an
d
G
PR
87
[1488])
are
proposed
as
LPA
receptors.
LPA
w
as
origi-
n
ally
proposed
to
be
a
ligan
d
for
G
PC
R
35,but
recen
t
data
sh
ow
s
th
atin
factitis
a
receptorforC
X
C
L17
(C
X
C
L17,Q
6U
X
B2)[1266].
Furth
er,
th
e
n
uclear
h
orm
on
e
receptor
PPA
Rγ
[1309,
1812],
h
as
been
reported
as
an
LPA
receptor.
A
ll
of
th
ese
proposed
en
tities
require
con
firm
ation
an
d
are
n
otcurren
tly
recogn
ized
as
bona
fide
LPA
receptors.
N
om
enclature
LPA
1
receptor
LPA
2
receptor
LPA
3
receptor
LPA
4
receptor
LPA
5
receptor
LPA
6
receptor
H
G
N
C
,U
niProt
LPAR1,Q
92633
LPAR2,Q
9H
BW
0
LPAR3,Q
9U
BY5
LPAR4,Q
99677
LPAR5,Q
9H
1C
0
LPAR6,P43657
Selective
agonists
–
dodecylphosphate
[2038],
decyldihydrogen
phosphate
[2038],G
RI977143
[1007]
O
M
PT
[744]
–
–
–
Sub/fam
ily-selective
antagonists
Ki16425
(pIC
50
6.6–6.9)
[1499]–
M
ouse,VPC
12249
(pK
i 5.2–6.9)
[769]–
M
ouse,VPC
32179
[763]
–
Ki16425
(pK
i 6.4)
[1499],
VPC
12249
(pK
i 6.4)
[769],VPC
32179
[763]
–
–
–
Selective
antagonists
BM
S-986020
(pIC
50
8.9),AM
966
(pIC
50
6.7–7.8)
[1905],O
N
O
-7300243
(pIC
50
6.8)[1940],AM
095
(pIC
50
6–6.1)[1905]
–
dioctanoylglycerol
pyrophosphate
(pK
i
5.5–7)
[548,1499]
–
TC
LPA5
(pIC
50
6.1)
[1047]
–
C
o
m
m
en
ts:K
i16425
[1499],V
PC
12249
[769]an
d
V
PC
32179
[763]h
ave
dualan
tagon
ist
activity
at
LPA
1
an
d
LPA
3
receptors.
Th
ere
is
grow
in
g
eviden
ce
for
in
vivo
efficacy
of
th
ese
ch
em
icalan
tagon
ists
in
several
disorders,
in
cludin
g
fetal
h
ydroceph
alus
[2197],
fetal
h
ypoxia
[778],
lun
g
fibrosis
[1495],
system
ic
sclerosis
[1495]
an
d
ath
erosclerosis
progression
[1053].
V
irtual
screen
in
g
experim
en
ts
h
ave
sh
ow
n
H
2L5186303
to
be
a
poten
t
an
tagon
ist
of
LPA
2
[536].D
odecylph
osph
ate
is
also
an
an
tagon
ist
at
LPA
3
receptors
[2038].
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Fu
rth
er
read
in
g
o
n
Lyso
p
h
o
sp
h
o
lip
id
(L
PA
)
recep
to
rs
C
h
un
J
et
al.
(2010)
In
tern
ation
alU
n
ion
of
Basic
an
d
C
lin
ical
Ph
arm
acology.
LX
X
V
III.Lysoph
os-
ph
olipid
receptor
n
om
en
clature.
Pharm
acol.Rev.62
:579-87
[PM
ID
:21079037]
K
ih
ara
Y
et
al.
(2014)
Lysoph
osph
olipid
receptor
n
om
en
clature
review
:
IU
PH
A
R
R
eview
8.
Br.
J.
Pharm
acol.171
:3575-94
[PM
ID
:24602016]
Yun
g
Y
C
et
al.
(2014)
LPA
receptor
sign
alin
g:
ph
arm
acology,ph
ysiology,an
d
path
oph
ysiology.
J.
Lipid
Res.55
:1192-1214
[PM
ID
:24643338]
Yun
g
Y
C
et
al.
(2015)
Lysoph
osph
atidic
A
cid
sign
alin
g
in
th
e
n
ervous
system
.
N
euron
85
:
669-82
[PM
ID
:25695267]
Lysophospholipid
(S1P)
receptors
G
protein
-coupled
receptors→
Lysoph
osph
olipid
(S1P)
receptors
O
verview
:
Sph
in
gosin
e
1-ph
osph
ate
(S1P)
receptors
(n
o
m
en
-
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
Lyso
p
h
o
sp
h
o
lip
id
recep
to
rs
[983])
are
activated
by
th
e
en
-
dogen
ous
lipid
sph
in
gosin
e
1-ph
osph
ate
(S1P)
an
d
w
ith
low
er
apparen
t
affin
ity,sph
in
gosylph
osph
orylch
olin
e
(SPC
).O
rigin
ally
clon
ed
as
orph
an
m
em
bers
ofth
e
en
doth
elialdifferen
tiation
gen
e
(edg)
fam
ily,
deorph
an
isation
as
lysoph
osph
olipid
receptors
for
S1P
w
as
based
on
sequen
ce
h
om
ology
to
LPA
receptors.
C
ur-
ren
t
gen
e
n
am
es
h
ave
been
codified
as
S1P
1 R
,
etc.
to
reflect
th
e
receptor
fun
ction
of
th
ese
protein
s.
M
ost
cellular
ph
en
om
en
a
ascribed
to
S1P
can
be
explain
ed
by
receptor-m
ediated
m
ech
a-
n
ism
s;
S1P
h
as
also
been
described
to
act
at
in
tracellular
sites
[1915],
an
d
aw
aits
precise
defin
ition
.
Previously-proposed
SPC
(or
lysoph
oph
osph
atidylch
olin
e)
receptors-
G
2A
,
TD
A
G
8,
O
G
R
1
an
d
G
PR
4-con
tin
ue
to
lack
con
firm
ation
ofth
ese
roles
[414].Th
e
relation
sh
ip
betw
een
recom
bin
an
t
an
d
en
dogen
ously
expressed
receptors
is
un
clear.
R
adioligan
d
bin
din
g
h
as
been
con
ducted
in
h
eterologous
expression
system
s
usin
g
[ 32P]S1P
(e.g
[1505]).
In
n
ative
system
s,
an
alysis
of
bin
din
g
data
is
com
plicated
by
m
etabolism
an
d
h
igh
levels
ofn
on
specific
bin
din
g.Targeted
dele-
tion
of
several
S1P
receptors
an
d
key
en
zym
es
in
volved
in
S1P
biosyn
th
esis
or
degradation
h
as
clarified
sign
allin
g
path
w
ays
an
d
ph
ysiological
roles.
A
crystal
structure
of
an
S1P
1 -T4
fusion
pro-
tein
h
as
been
described
[733].
Th
e
S1P
receptor
m
odulator,
fin
golim
od
(FTY
720,
G
ilen
ya),
h
as
received
w
orld-w
ide
approval
as
th
e
first
oral
th
erapy
for
relaps-
in
g
form
s
of
m
ultiple
sclerosis.
Th
is
drug
h
as
a
n
ovelm
ech
an
ism
of
action
in
volvin
g
m
odulation
of
S1P
receptors
in
both
th
e
im
-
m
un
e
an
d
n
ervous
system
s
[340,369,687],alth
ough
th
e
precise
n
ature
of
its
in
teraction
requires
clarification
.
N
om
enclature
S1P
1
receptor
S1P
2
receptor
S1P
3
receptor
S1P
4
receptor
S1P
5
receptor
H
G
N
C
,U
niProt
S1PR1,P21453
S1PR2,O
95136
S1PR3,Q
99500
S1PR4,O
95977
S1PR5,Q
9H
228
Potency
order
ofendogenous
ligands
sphingosine
1-phosphate
>
dihydrosphingosine
1-phosphate
>
sphingosylphosphorylcholine
[46,1505]
sphingosine
1-phosphate
>
dihydrosphingosine
1-phosphate
>
sphingosylphosphorylcholine
[46,1505]
sphingosine
1-phosphate
>
dihydrosphingosine
1-phosphate
>
sphingosylphosphorylcholine
[1505]
sphingosine
1-phosphate
>
dihydrosphingosine
1-phosphate
>
sphingosylphosphorylcholine
[2012]
sphingosine
1-phosphate
>
dihydrosphingosine
1-phosphate
>
sphingosylphosphorylcholine
[861]
Agonists
am
iselim
od
phosphate
[1887],
FTY720-phosphate
[220,560,1525],
siponim
od
[1524],AU
Y954
[1525],AFD
(R)
[220],etrasim
od
[254],fingolim
od
[708]
–
–
–
–
Selective
agonists
ozanim
od
[657,1274,1757],ponesim
od
[176],
KRP
203-phosphate
[1851]–
M
ouse,C
YM
5181
[657],SEW
2871
[1713]–
M
ouse
–
–
–
–
Antagonists
VPC
23019
(pK
i 7.9)
[419],VPC
03090-P
(pK
i
7.6–7.7)
[972],VPC
44116
(pIC
50
7.6)
[561]
–
VPC
44116
(pK
i 6.5)
[561],
VPC
23019
(pK
i 5.9)
[419]
–
–
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N
om
enclature
S1P
1
receptor
S1P
2
receptor
S1P
3
receptor
S1P
4
receptor
S1P
5
receptor
Selective
antagonists
N
IBR-0213
(pIC
50
8.6)
[1615],W
146
(pK
i 7.1)
[1714]
JTE-013
(pIC
50
7.8)
[1515]
–
–
–
C
o
m
m
en
ts:Th
e
FD
A
-approved
im
m
un
om
odulatorfin
golim
od
(FTY
720)can
be
ph
osph
orylated
in
vivo
[31]to
gen
erate
a
relatively
poten
tagon
istw
ith
activity
atS1P
1 ,S1P
3 ,S1P
4
an
d
S1P
5
receptors
[220,
1259].
Th
e
ph
ysiologicalcon
sequen
ces
of
FTY
720-ph
osph
ate
adm
in
istration
,as
w
ellas
th
ose
of
oth
er
S1P
1
agon
ists,m
ay
in
volve
fun
ction
alan
tagon
ism
via
ubiquitin
ation
an
d
subsequen
t
degradation
of
S1P
1
[1514].
Fu
rth
er
read
in
g
o
n
Lyso
p
h
o
sp
h
o
lip
id
(S1P
)
recep
to
rs
C
h
ew
W
S
et
al.
(2016)
To
fin
golim
od
an
d
beyon
d:
Th
e
rich
pipelin
e
of
drug
can
didates
th
at
target
S1P
sign
alin
g.
Pharm
acol.Res.113
:521-532
[PM
ID
:27663260]
C
h
un
J
et
al.
(2010)
In
tern
ation
alU
n
ion
of
Basic
an
d
C
lin
ical
Ph
arm
acology.
LX
X
V
III.Lysoph
os-
ph
olipid
receptor
n
om
en
clature.
Pharm
acol.Rev.62
:579-87
[PM
ID
:21079037]
Pyn
e
N
Jetal.(2017)Sph
in
gosin
e
1-Ph
osph
ate
R
eceptor
1
Sign
alin
g
in
M
am
m
alian
C
ells.
M
olecules
22
:[PM
ID
:28241498]
R
osen
H
etal.(2013)Sph
in
gosin
e-1-ph
osph
ate
an
d
itsreceptors:structure,sign
alin
g,an
d
in
fluen
ce.
A
nnu.Rev.Biochem
.82
:637-62
[PM
ID
:23527695]
M
elanin-concentrating
horm
one
receptors
G
protein
-coupled
receptors→
M
elan
in
-con
cen
tratin
g
h
orm
on
e
receptors
O
verview
:M
elan
in
-con
cen
tratin
g
h
orm
on
e
(M
C
H
)
receptors
(p
ro
visio
n
al
n
o
m
en
clatu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[557])are
activated
by
an
en
dogen
ous
n
on
adecam
eric
cyclic
peptide
iden
ticalin
h
um
an
s
an
d
rats
(D
FD
M
LR
C
M
LG
RV
Y
R
PC
W
Q
V
)
gen
erated
from
a
precursor
(PM
C
H
,P20382),w
h
ich
also
produces
n
europeptide
EI
(PM
C
H
,P20382)
an
d
n
europeptide
G
E
(PM
C
H
,P20382).
N
om
enclature
M
C
H
1
receptor
M
C
H
2
receptor
H
G
N
C
,U
niProt
M
CH
R1,Q
99705
M
CH
R2,Q
969V1
Selective
antagonists
G
W
803430
(pIC
50
9.3)
[781],SN
AP-7941
(pA
2
9.2)
[190],T-226296
(pIC
50
8.3)
[1926],ATC
0175
(pIC
50
7.9–8.1)
[297]
–
Labelled
ligands
[ 125I]S36057
(Antagonist)
(pK
d
9.2–9.5)
[69],[ 125I][Phe 13,Tyr 19]M
C
H
(Agonist)
[249],[ 3H
]M
C
H
(hum
an,m
ouse,rat)
(Agonist)
[249]
–
C
o
m
m
en
ts:Th
e
M
C
H
2
receptor
appears
to
be
a
n
on
-fun
ction
alpseudogen
e
in
roden
ts
[1930].
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rth
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read
in
g
o
n
M
elan
in
-co
n
cen
tratin
g
h
o
rm
o
n
e
recep
to
rs
C
h
un
g
S
etal.(2011)R
ecen
t
updates
on
th
e
m
elan
in
-con
cen
tratin
g
h
orm
on
e
(M
C
H
)an
d
its
recep-
tor
system
:lesson
s
from
M
C
H
1R
an
tagon
ists.
J.M
ol.N
eurosci.43
:115-21
[PM
ID
:20582487]
Eberle
A
N
et
al.
(2010)
C
ellular
m
odels
for
th
e
study
of
th
e
ph
arm
acology
an
d
sign
alin
g
of
m
elan
in
-con
cen
tratin
g
h
orm
on
e
receptors.
J.
Recept.
Signal
Transduct.
Res.
30
:
385-402
[PM
ID
:21083507]
Foord
SM
etal.(2005)In
tern
ation
alU
n
ion
ofPh
arm
acology.X
LV
I.G
protein
-coupled
receptor
list.
Pharm
acolRev
57
:279-288
[PM
ID
:15914470]
Takase
K
etal.(2014)M
eta-an
alysis
ofm
elan
in
-con
cen
tratin
g
h
orm
on
e
sign
alin
g-deficien
tm
ice
on
beh
avioralan
d
m
etabolic
ph
en
otypes.
PLoS
O
N
E
9
:e99961
[PM
ID
:24924345]
M
elanocortin
receptors
G
protein
-coupled
receptors→
M
elan
ocortin
receptors
O
verview
:
M
elan
ocortin
receptors
(p
ro
visio
n
al
n
o
m
en
clatu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[557])
are
activated
by
m
em
bers
of
th
e
m
elan
ocortin
fam
ily
(α
-M
SH
(PO
M
C
,P01189),β-M
SH
(PO
M
C
,
P01189)
an
d
γ-M
SH
(PO
M
C
,
P01189)
form
s;
δ
form
is
n
ot
foun
d
in
m
am
m
als)
an
d
adren
ocorticotroph
in
(A
C
TH
(PO
M
C
,
P01189)).
En
dogen
ous
an
tagon
ists
in
clude
agouti
(A
SIP,
P42127)
an
d
agouti-related
protein
(A
G
RP,O
00253).
A
C
TH
(1-24)
w
as
approved
by
th
e
U
S
FD
A
as
a
diagn
ostic
agen
t
for
adren
al
fun
ction
test.
A
t
least
2
syn
th
etic
m
elan
ocortin
receptor
agon
ists
are
un
der
clin
ical
developm
en
t
as
of
2017.
N
om
enclature
M
C
1
receptor
M
C
2
receptor
M
C
3
receptor
M
C
4
receptor
M
C
5
receptor
H
G
N
C
,U
niProt
M
C1R,Q
01726
M
C2R,Q
01718
M
C3R,P41968
M
C4R,P32245
M
C5R,P33032
Potency
order
ofendogenous
ligands
α
-M
SH
(PO
M
C,P01189)
>
β-M
SH
(PO
M
C,P01189)
>
AC
TH
(PO
M
C,P01189),γ-M
SH
(PO
M
C,P01189)
AC
TH
(PO
M
C,
P01189)
γ-M
SH
(PO
M
C,P01189),β-M
SH
(PO
M
C,P01189)
>
AC
TH
(PO
M
C,
P01189),α
-M
SH
(PO
M
C,P01189)
β-M
SH
(PO
M
C,P01189)
>
α
-M
SH
(PO
M
C,P01189),AC
TH
(PO
M
C,P01189)
>
γ-M
SH
(PO
M
C,P01189)
α
-M
SH
(PO
M
C,P01189)
>
β-M
SH
(PO
M
C,P01189)
>
AC
TH
(PO
M
C,P01189)
>
γ-M
SH
(PO
M
C,P01189)
Selective
agonists
–
corticotropin
zinc
hydroxide
[D
-Trp
8]γ-M
SH
[679]
TH
IQ
[1760]
–
Antagonists
–
–
PG
-106
(pIC
50
6.7)
[680]
–
–
Selective
antagonists
–
–
–
M
BP10
(pIC
50
10)
[123],H
S014
(pK
i
8.5)
[1738]
–
Labelled
ligands
[ 125I]N
D
P-M
SH
(Agonist)
[1037]
[ 125I]AC
TH
-(1-24)
(Agonist)
[ 125I]N
D
P-M
SH
(Agonist)
[1037],
[ 125I]SH
U
9119
(Antagonist)
[1457]
[ 125I]SH
U
9119
(Antagonist)
(pK
d
9.2)
[1457],[ 125I]N
D
P-M
SH
(Agonist)
[1037,
1736]
[ 125I]N
D
P-M
SH
(Agonist)
[1037]
C
o
m
m
en
ts:
Polym
orph
ism
s
of
th
e
M
C
1
receptor
h
ave
been
lin
ked
to
variation
s
in
skin
pigm
en
tation
.
D
efects
of
th
e
M
C
2
receptor
un
derlie
fam
ilial
glucocorticoid
deficien
cy.
Polym
orph
ism
s
of
th
e
M
C
4
receptor
h
ave
been
lin
ked
to
obesity
[296,531].
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rth
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read
in
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o
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M
elan
o
co
rtin
recep
to
rs
C
aruso
V
etal.(2014)Syn
aptic
ch
an
ges
in
duced
by
m
elan
ocortin
sign
allin
g.N
at.Rev.N
eurosci.15
:
98-110
[PM
ID
:24588018]
Foord
SM
etal.(2005)In
tern
ation
alU
n
ion
ofPh
arm
acology.X
LV
I.G
protein
-coupled
receptor
list.
Pharm
acolRev
57
:279-288
[PM
ID
:15914470]
R
en
quist
BJ
et
al.
(2011)
Ph
ysiologicalroles
of
th
e
m
elan
ocortin
M
C
_3
receptor.
Eur.
J.Pharm
acol.
660
:13-20
[PM
ID
:21211527]
M
elatonin
receptors
G
protein
-coupled
receptors→
M
elaton
in
receptors
O
verview
:M
elaton
in
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
M
elato
n
in
R
ecep
to
rs
[474])are
activated
by
th
e
en
dogen
ous
ligan
ds
m
elaton
in
an
d
clin
ically
used
drugs
like
ram
elteon
an
d
agom
elatin
e.
N
om
enclature
M
T
1
receptor
M
T
2
receptor
H
G
N
C
,U
niProt
M
TN
R1A,P48039
M
TN
R1B,P49286
Endogenous
agonists
m
elatonin
[70,473,475]
m
elatonin
[70,473,475]
Agonists
ram
elteon
[954],agom
elatine
[70,136]
agom
elatine
[70,136],ram
elteon
[954,1636]
Selective
agonists
–
U
C
M
1014
[1855],IIK7
[532,1888],5-m
ethoxy-luzindole
(Partialagonist)
[475]
Selective
antagonists
–
4P-PD
O
T
(pK
i 8.8–9.4)
[70,475,476],K185
(pK
i 9.3)
[532,1888],D
H
97
(pK
i 8)
[1939]
Labelled
ligands
[ 125I]SD
6
(Agonist)
[1138],2-[ 125I]m
elatonin
(Agonist)
[70,475],
[ 3H
]m
elatonin
(Agonist)
[235]
[ 125I]SD
6
(Agonist)
[1138],2-[ 125I]m
elatonin
(Agonist)
[70,475],[ 125I]D
IV880
(Agonist,Partialagonist)
[1138],[ 3H
]m
elatonin
(Agonist)
[235]
C
o
m
m
en
ts:
m
elaton
in
,
2-iodo-m
elaton
in
,
agom
elatin
e,
G
R
196429,
LY
156735
an
d
ram
elteon
[954]
are
n
on
selective
agon
ists
for
M
T
1
an
d
M
T
2
receptors.
(-)-A
M
M
TC
displays
an
˜400-fold
greater
agon
ist
poten
cy
th
an
(+)-A
M
M
TC
at
rat
M
T
1
receptors
(see
A
M
M
TC
for
structure)
[1966].
Luzin
dole
is
an
M
T
1 /M
T
2
n
on
-selective
com
petitive
m
elaton
in
receptor
an
tago-
n
ist
w
ith
about
15-25
fold
selectivity
for
th
e
M
T
2
receptor
[476].
M
T
1 /M
T
2
h
eterodim
erspresen
tdifferen
tph
arm
acologicalprofiles
from
M
T
1
an
d
M
T
2
receptors
[75].
Th
e
M
T
3
bin
din
g
site
of
h
am
ster
brain
an
d
periph
eral
tissues
such
as
kidn
ey
an
d
testis,
also
term
ed
th
e
M
L
2
receptor,
bin
ds
selectively
2-iodo-[ 125I]5M
C
A
-N
A
T
[1356].
Ph
arm
acological
in
-
vestigation
s
of
M
T
3
bin
din
g
sites
h
ave
prim
arily
been
con
-
ducted
in
h
am
ster
tissues.
A
t
th
is
site,
Th
e
en
dogen
ous
ligan
d
N
-acetylseroton
in
[495,1215,1356,1588]an
d
5M
C
A
-N
A
T
[1588]
appear
to
fun
ction
as
agon
ists,w
h
ile
prazosin
[1215]fun
ction
s
as
an
an
tagon
ist.
Th
e
M
T
3
bin
din
g
site
of
h
am
ster
kidn
ey
w
as
also
iden
tified
as
th
e
h
am
ster
h
om
ologue
of
h
um
an
quin
on
e
reduc-
tase
2
(N
Q
O
2,
P16083
[1474,
1475]).
Th
e
M
T
3
bin
din
g
site
acti-
vated
by
5M
C
A
-N
A
T
in
eye
ciliary
body
is
positively
coupled
to
aden
ylyl
cyclase
an
d
regulates
ch
loride
secretion
[842].
X
enopus
m
elan
oph
ores
an
d
ch
ick
brain
express
a
distin
ct
receptor
(x420,
P49219;c346,P49288,in
itially
term
ed
M
el1C
)coupled
to
th
e
G
i/o
fam
ily
ofG
protein
s,forw
h
ich
G
PR
50
h
asrecen
tly
been
suggested
to
be
a
m
am
m
alian
coun
terpart
[479]
alth
ough
m
elaton
in
does
n
otbin
d
to
G
PR
50
receptors.Severalvarian
ts
ofth
e
M
T
N
R1B
gen
e
h
ave
been
associated
w
ith
in
creased
type
2
diabetes
risk.
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D
ubocovich
M
L
et
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In
tern
ation
al
U
n
ion
of
Basic
an
d
C
lin
ical
Ph
arm
acology.
LX
X
V.
N
om
en
clature,
classification
,
an
d
ph
arm
acology
of
G
protein
-coupled
m
elaton
in
receptors.
Pharm
acol.Rev.62
:343-80
[PM
ID
:20605968]
Jockers
R
et
al.
(2016)
U
pdate
on
m
elaton
in
receptors:
IU
PH
A
R
R
eview
20.
Br.
J.Pharm
acol.
173
:
2702-25
[PM
ID
:27314810]
Liu
J
et
al.
(2016)
M
T1
an
d
M
T2
M
elaton
in
R
eceptors:
A
Th
erapeutic
Perspective.
A
nnu.
Rev.
Phar-
m
acol.Toxicol.56
:361-83
[PM
ID
:26514204]
Zlotos
D
P
etal.(2013)
M
T1
an
d
M
T2
M
elaton
in
R
eceptors:Ligan
ds,M
odels,O
ligom
ers,an
d
Th
er-
apeutic
Poten
tial.
J.M
ed.C
hem
.[PM
ID
:24228714]
M
etabotropic
glutam
ate
receptors
G
protein
-coupled
receptors→
M
etabotropic
glutam
ate
receptors
O
verview
:
M
etabotropic
glutam
ate
(m
G
lu)
receptors
(n
o
m
en
-
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
M
etab
o
tro
p
ic
G
lu
tam
ate
R
ecep
to
rs
[1743])
are
a
fam
ily
of
G
-protein
coupled
receptors
activated
by
th
e
n
eurotran
sm
it-
ter
glutam
ate.
Th
e
m
G
lu
fam
ily
is
com
posed
of
eigh
t
m
em
bers
(n
am
ed
m
G
lu1
to
m
G
lu8)w
h
ich
are
divided
in
th
ree
groupsbased
on
sim
ilarities
of
agon
ist
ph
arm
acology,prim
ary
sequen
ce
an
d
G
protein
couplin
g
to
effector:G
roup-I(m
G
lu
1
an
d
m
G
lu
5 ),G
roup-
II(m
G
lu
2
an
d
m
G
lu
3 )an
d
G
roup-III(m
G
lu
4 ,m
G
lu
6 ,m
G
lu
7
an
d
m
G
lu
8 )
(see
Furth
er
readin
g).
Structurally,
m
G
lu
are
com
posed
of
th
ree
juxtaposed
dom
ain
s:
a
core
G
-protein
-activatin
g
seven
-tran
sm
em
bran
e
dom
ain
(TM
),
com
m
on
to
all
G
PC
R
s,
is
lin
ked
via
a
rigid
cystein
e-rich
dom
ain
(C
R
D
)
to
th
e
V
en
us
Flytrap
dom
ain
(V
FTD
),
a
large
bi-lobed
ex-
tracellular
dom
ain
w
h
ere
glutam
ate
bin
ds.
Th
e
structures
of
th
e
V
FTD
of
m
G
lu
1 ,
m
G
lu
2 ,
m
G
lu
3 ,
m
G
lu
5
an
d
m
G
lu
7
h
ave
been
solved
[1075,
1364,
1408,
1984].
Th
e
structure
of
th
e
7
tran
s-
m
em
bran
e
(TM
)
dom
ain
s
of
both
m
G
lu1
an
d
m
G
lu5
h
ave
been
solved,an
d
con
firm
a
gen
eralh
elicalorgan
ization
sim
ilar
to
th
at
of
oth
er
G
PC
R
s,
alth
ough
th
e
h
elices
appear
m
ore
com
pacted
[465,2136].m
G
lu
form
con
stitutive
dim
erscrosslin
ked
by
a
disul-
fide
bridge.
A
lth
ough
m
G
lu
receptors
h
ave
been
th
ough
t
to
on
ly
form
h
om
odim
ers,recen
t
studies
revealed
th
e
possible
form
ation
of
h
eterodim
ers
betw
een
eith
er
group-I
receptors,
or
w
ith
in
an
d
betw
een
group-II
an
d
-III
receptors
[468].
A
lth
ough
w
ell
ch
arac-
terized
in
tran
sfected
cells,co-localization
an
d
specific
ph
arm
aco-
logicalproperties
also
suggest
th
e
existen
ce
of
such
h
eterodim
ers
in
th
e
brain
[2183].
Th
e
en
dogen
ous
ligan
ds
of
m
G
lu
are
L-glutam
ic
acid,
L-serin
e-O
-ph
osph
ate,
N
-acetylaspartylglutam
ate
(N
A
A
G
)
an
d
L-cystein
e
sulph
in
ic
acid.
G
roup-I
m
G
lu
receptors
m
ay
be
ac-
tivated
by
3,5-D
H
PG
an
d
(S)-3H
PG
[204]
an
d
an
tagon
ized
by
(S)-h
exylh
om
oiboten
ic
acid
[1235].G
roup-IIm
G
lu
receptors
m
ay
be
activated
by
LY
389795
[1365],
LY
379268
[1365],
eglum
egad
[1744,
2138],
D
C
G
-IV
an
d
(2R,3R)-A
PD
C
[1745],
an
d
an
tago-
n
ised
by
eG
lu
[890]
an
d
LY
307452
[518,
2096].
G
roup-III
m
G
lu
receptors
m
ay
be
activated
by
L-A
P4
an
d
(R,S)-4-PPG
[610].A
n
ex-
am
ple
of
an
an
tagon
ist
selective
for
m
G
lu
receptors
is
LY
341495,
w
h
ich
blocks
m
G
lu
2
an
d
m
G
lu
3
at
low
n
an
om
olar
con
cen
tra-
tion
s,
m
G
lu
8
at
h
igh
n
an
om
olar
con
cen
tration
s,
an
d
m
G
lu
4 ,
m
G
lu
5 ,
an
d
m
G
lu
7
in
th
e
m
icrom
olar
ran
ge
[1001].
In
addition
to
orth
osteric
ligan
ds
th
at
directly
in
teract
w
ith
th
e
glutam
ate
recogn
ition
site,
allosteric
m
odulators
th
at
bin
d
w
ith
in
th
e
TM
dom
ain
h
ave
been
described.
N
egative
allosteric
m
odulators
are
listed
separately.
Th
e
positive
allosteric
m
odulators
m
ost
often
act
as
‘poten
tiators’
of
an
orth
osteric
agon
ist
respon
se,
w
ith
out
sign
ifican
tly
activatin
g
th
e
receptor
in
th
e
absen
ce
of
agon
ist.
N
om
enclature
m
G
lu
1
receptor
m
G
lu
2
receptor
m
G
lu
3
receptor
m
G
lu
4
receptor
m
G
lu
5
receptor
H
G
N
C
,U
niProt
G
RM
1,Q
13255
G
RM
2,Q
14416
G
RM
3,Q
14832
G
RM
4,Q
14833
G
RM
5,P41594
Endogenous
agonists
L-glutam
ic
acid
[1574]
L-glutam
ic
acid
[1574]
L-glutam
ic
acid
[1574],
N
AAG
[1750]
L-glutam
ic
acid
[1574]
L-glutam
ic
acid
[1574]
Agonists
–
–
–
L-AP4
[2138],
L-serine-O
-phosphate
[2138]
–
Selective
agonists
–
–
–
LSP4-2022
[666]
(S)-(+)-C
BPG
(Partialagonist)
[1261]
–
Rat,C
H
PG
[1407]
Antagonists
LY367385
(pIC
50
5.1)
[364]
–
–
M
AP4
(pK
i 4.6)
[721]–
Rat
–
Searchable
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(continued)
N
om
enclature
m
G
lu
1
receptor
m
G
lu
2
receptor
m
G
lu
3
receptor
m
G
lu
4
receptor
m
G
lu
5
receptor
Selective
antagonists
3-M
ATID
A
(pIC
50
5.2)
[1386]–
Rat,
(S)-(+)-C
BPG
(pIC
50
4.2)
[1261]–
Rat,(S)-TBPG
(pIC
50
4.2)[381]–
Rat,
AID
A
(pA
2
4.2)
[1387]
PC
C
G
-4
(pIC
50
5.1)
[1551]–
Rat
–
–
AC
D
PP
(pIC
50
6.9)
[186]
Allosteric
m
odulators
–
C
BiPES
(Positive)
(pEC
50
7)
[917],4-M
PPTS
(Positive)
(pIC
50
5.8)
[100,916,917,
1731]
–
SIB-1893
(Positive)
(pEC
50
6.3–6.8)
[1281],M
PEP
(Positive)
(pEC
50
6.3–6.6)
[1281],PH
C
C
C
(Positive)
(pEC
50
4.5)
[1247]
3,3’-difluorobenzaldazine
(Positive)
(pIC
50
5.6–8.5)
[1481,1482],
allosw
itch-1
(N
egative)
(pIC
50
8.1)
[1583]–
Rat,C
D
PPB
(Positive)
(pEC
50
7.6–8)
[1002,1180],M
TEP
(N
egative)
(pK
i 7.8)
[228],M
PEP
(N
egative)
(pIC
50
7.4–7.7)
[609,
611],fenobam
(N
egative)
(pIC
50
7.2)
[1592],SIB-1893
(N
egative)
(pIC
50
5.9–6.5)
[609,2028],
SIB-1757
(N
egative)
(pIC
50
6–6.4)
[609,2028],C
PPH
A
(Positive)
(pIC
50
6.3)
[1482]
Selective
allosteric
m
odulators
BAY
367620
(N
egative)
(pK
i 9.5)
[279]–
Rat,JN
J16259685
(N
egative)
(pIC
50
8.9)
[1104],Ro01-6128
(Positive)
(pK
i 7.5–7.7)
[1019]–
Rat,
LY456236
(N
egative)
(pIC
50
6.9)
[1160],C
PC
C
O
Et
(N
egative)
(pIC
50
5.2–5.8)
[1183]
Ro64-5229
(N
egative)
(pIC
50
7)
[1031]–
Rat,
biphenylindanone
A
(Positive)
(pEC
50
7)
[187]
–
VU
0361737
(Positive)
(pEC
50
6.6)
[508],
VU
0155041
(Positive)
(pEC
50
6.1)
[1468]
VU
-1545
(Positive)
(pEC
50
8)
[429]
N
om
enclature
m
G
lu
6
receptor
m
G
lu
7
receptor
m
G
lu
8
receptor
H
G
N
C
,U
niProt
G
RM
6,O
15303
G
RM
7,Q
14831
G
RM
8,O
00222
Endogenous
agonists
L-glutam
ic
acid
[1574]
L-glutam
ic
acid
[1574]
L-serine-O
-phosphate
[1254,2138],L-glutam
ic
acid
[1574]
Agonists
–
LSP4-2022
[666],L-serine-O
-phosphate
[2138],L-AP4
[2138]
(S)-3,4-D
C
PG
[1952],L-AP4
[1254]
Selective
agonists
1-benzyl-APD
C
[1987]–
Rat,hom
o-AM
PA
[244]
–
–
Antagonists
M
AP4
(pIC
50
3.5)
[1575]–
Rat,TH
PG
[1956]
–
M
PPG
(pIC
50
4.3)
[2138]
Allosteric
m
odulators
–
M
M
PIP
(N
egative)
(pIC
50
6.1–7.6)
[1467,1900]–
Rat,AD
X
71743
(N
egative)
(pIC
50
7.2)
[938],AM
N
082
(Positive)
(pEC
50
6.5–6.8)
[1349],X
AP044
(N
egative)
(pIC
50
5.6)
[618]
–
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C
o
m
m
en
ts:Th
e
activity
of
N
A
A
G
as
an
agon
ist
at
m
G
lu
3
recep-
tors
w
as
question
ed
on
th
e
basis
ofcon
tam
in
ation
w
ith
glutam
ate
[341,576],but
th
is
h
as
been
refuted
[1430].
R
adioligan
d
bin
din
g
usin
g
a
variety
of
radioligan
ds
h
as
been
con
ducted
on
recom
bin
an
t
receptors
(for
exam
ple,
[ 3H
]R
214127
[1103]
an
d
[ 3H
]Y
M
298198
[1025]
at
m
G
lu
1
receptors
an
d
[ 3H
]M
-M
PEP
[609]an
d
[ 3H
]m
eth
oxym
eth
yl-M
TEP
[48]at
m
G
lu
5
receptors.
A
lth
ough
a
n
um
ber
of
radioligan
ds
h
ave
been
used
to
exam
in
e
bin
din
g
in
n
ative
tissues,
correlation
w
ith
in
divid-
ual
subtypes
is
lim
ited.
M
an
y
ph
arm
acological
agen
ts
h
ave
n
ot
been
fully
tested
across
allkn
ow
n
subtypes
ofm
G
lu
receptors.Po-
ten
tial
differen
ces
lin
ked
to
th
e
species
(e.g.
h
um
an
versus
rat
or
m
ouse)
of
th
e
receptors
an
d
th
e
receptor
splice
varian
ts
are
gen
-
erally
n
ot
kn
ow
n
.
Th
e
in
fluen
ce
of
receptor
expression
level
on
ph
arm
acology
an
d
selectivity
h
as
n
ot
been
con
trolled
for
in
m
ost
studies,particularly
th
ose
in
volvin
g
fun
ction
alassays
of
receptor
couplin
g.
(S)-(+)-C
BPG
is
an
an
tagon
ist
at
m
G
lu
1 ,
but
is
an
agon
ist
(albeit
of
reduced
efficacy)
at
m
G
lu
5
receptors.
D
C
G
-IV
also
exh
ibits
agon
ist
activity
at
N
M
D
A
glutam
ate
receptors
[2007],
an
d
is
an
an
tagon
ist
at
all
G
roup-III
m
G
luR
s
w
ith
an
IC
50
of
30µ
M
.
A
poten
tial
n
ovel
m
etabotropic
glutam
ate
receptor
coupled
to
ph
osph
oin
ositide
turn
over
h
as
been
observed
in
ratbrain
;itis
ac-
tivated
by
4-m
eth
ylh
om
oiboten
ic
acid
(in
effective
as
an
agon
ist
at
recom
bin
an
t
G
roup
Im
etabotropic
glutam
ate
receptors),but
is
resistan
t
to
LY
341495
[356].
Th
ere
are
also
reports
of
a
distin
ct
m
etabotropic
glutam
ate
receptor
coupled
to
ph
osph
olipase
D
in
rat
brain
,w
h
ich
does
n
ot
readily
fit
in
to
th
e
curren
t
classification
[1013,1549]
A
related
class
C
receptorcom
posed
oftw
o
distin
ctsubun
its,T1R
1
+
T1R
3
is
also
activated
by
glutam
ate
an
d
is
respon
sible
forum
am
i
taste
detection
.
A
ll
selective
an
tagon
ists
at
m
etabotropic
glutam
ate
receptors
are
com
petitive.
Fu
rth
er
read
in
g
o
n
M
etab
o
tro
p
ic
g
lu
tam
ate
recep
to
rs
C
on
n
PJetal.(1997)Ph
arm
acology
an
d
fun
ction
s
ofm
etabotropic
glutam
ate
receptors.
A
nnu.Rev.
Pharm
acol.Toxicol.37
:205-237
[PM
ID
:9131252]
Ferraguti
F
et
al.
(2006)
M
etabotropic
glutam
ate
receptors.
C
ell
T
issue
Res.
326
:
483-504
[PM
ID
:16847639]
N
icoletti
F
et
al.
(2011)
M
etabotropic
glutam
ate
receptors:
from
th
e
w
orkben
ch
to
th
e
bedside.
N
europharm
acology
60
:1017-41
[PM
ID
:21036182]
N
isw
en
der
C
M
etal.(2010)M
etabotropic
glutam
ate
receptors:ph
ysiology,ph
arm
acology,an
d
dis-
ease.A
nnu.Rev.Pharm
acol.Toxicol.50
:295-322
[PM
ID
:20055706]
Pin
JP
et
al.
(2016)
O
rgan
ization
an
d
fun
ction
s
of
m
G
lu
an
d
G
A
BA
B
receptor
com
plexes.
N
ature
540
:60-68
[PM
ID
:27905440]
R
on
dard
P
et
al.
(2011)
Th
e
com
plexity
of
th
eir
activation
m
ech
an
ism
open
s
n
ew
possibilities
for
th
e
m
odulation
of
m
G
lu
an
d
G
A
BA
B
class
C
G
protein
-coupled
receptors.
N
europharm
acology
60
:82-92
[PM
ID
:20713070]
M
otilin
receptor
G
protein
-coupled
receptors→
M
otilin
receptor
O
verview
:
M
otilin
receptors
(p
ro
visio
n
al
n
o
m
en
clatu
re)
are
activated
by
m
otilin
(M
LN
,
P12872),
a
22
am
in
o-acid
peptide
derived
from
a
precursor
(M
LN
,
P12872),
w
h
ich
m
ay
also
gen
erate
a
m
otilin
-associated
peptide
(M
LN
,P12872).Th
ese
receptors
prom
ote
gastroin
testin
alm
otility
an
d
are
suggested
to
be
respon
sible
for
th
e
gastroin
testin
alprokin
etic
effects
of
certain
m
acrolide
an
tibiotics
(often
called
m
otilides;e.g.eryth
rom
ycin
),alth
ough
for
m
an
y
of
th
ese
m
olecules
th
e
eviden
ce
is
sparse.
N
om
enclature
m
otilin
receptor
H
G
N
C
,U
niProt
M
LN
R,O
43193
Endogenous
agonists
m
otilin
(M
LN
,P12872)
[386,1286,1287,1288]
Agonists
alem
cinal[1947],erythrom
ycin-A
[533,1947],azithrom
ycin
[225]
Selective
agonists
cam
icinal[105,1712],m
item
cinal[1023,1918]–
Rabbit
Selective
antagonists
M
A-2029
(pA
2
9.2)
[1884],G
M
-109
(pIC
50
8)
[736]–
Rabbit
Labelled
ligands
[ 125I]m
otilin
(hum
an)
(Agonist)
[533]
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C
o
m
m
en
ts:
In
term
s
of
structure,th
e
m
otilin
receptor
h
as
clos-
esth
om
ology
w
ith
th
e
gh
relin
receptor.Th
us,th
e
h
um
an
m
otilin
receptor
sh
ares
52%
overall
am
in
o
acid
iden
tity
w
ith
th
e
gh
re-
lin
receptor
an
d
86%
in
th
e
tran
sm
em
bran
e
region
s
[759,
1918,
1947].
H
ow
ever,
differen
ces
betw
een
th
e
N
-term
in
us
region
s
of
th
ese
receptors
m
ean
s
th
at
th
eir
cogn
ate
peptide
ligan
ds
do
n
ot
readily
activate
each
oth
er
[408,1712].In
laboratory
roden
ts,th
e
gen
e
en
codin
g
th
e
m
otilin
percursor
appears
to
be
absen
t,
w
h
ile
th
e
receptor
appears
to
be
a
pseudogen
e
[759,
1710].
Fun
ction
s
of
m
otilin
(M
LN
,P12872)
are
n
ot
usually
detected
in
roden
ts,al-
th
ough
brain
an
d
oth
er
respon
ses
to
m
otilin
an
d
th
e
m
acrolide
alem
cin
al
h
ave
been
reported
an
d
th
e
m
ech
an
ism
of
th
ese
ac-
tion
s
is
obscure
[1311,
1462].
N
otably,
in
som
e
n
on
-laboratory
roden
ts
(e.g.
th
e
N
orth
A
m
erican
kan
garoo
rat
(D
ipodom
ys)
an
d
m
ouse
(M
icrodipodops)
a
fun
ction
alform
of
m
otilin
m
ay
exist
but
th
e
m
otilin
receptor
is
n
on
-fun
ction
al[1159].M
arked
differen
ces
in
ligan
d
affin
ities
for
th
e
m
otilin
receptor
in
dogs
an
d
h
um
an
s
m
ay
be
explain
ed
by
sign
ifican
t
differen
ces
in
receptor
structure
[1711].N
ote
th
atforth
e
com
plex
m
acrolide
structures,selectivity
of
action
h
as
often
n
ot
been
rigorously
exam
in
ed
an
d
oth
er
ac-
tion
s
are
possible
(e.g.
P2X
in
h
ibition
by
eryth
rom
ycin
;
[2216]).
Sm
allm
olecule
m
otilin
receptoragon
istsare
n
ow
described
[1159,
1712,2100].Th
e
m
otilin
receptor
does
n
otappear
to
h
ave
con
sti-
tutive
activity
[812].A
lth
ough
n
otproven
,th
e
existen
ce
ofbiased
agon
ism
at
th
e
receptor
h
as
been
suggested
[1288,1348,1709].A
trun
cated
5-tran
sm
em
bran
e
structure
h
as
been
iden
tified
but
th
is
is
w
ith
out
activity
w
h
en
tran
sfected
in
to
a
h
ost
cell[533].
R
ecep-
tor
dim
erisation
h
as
n
ot
been
reported.
Fu
rth
er
read
in
g
o
n
M
o
tilin
recep
to
r
D
e
Sm
etB
etal.(2009)M
otilin
an
d
gh
relin
as
prokin
etic
drug
targets.Pharm
acol.T
her.123
:207-23
[PM
ID
:19427331]
San
ger
G
J
et
al.
(2016)
G
h
relin
an
d
m
otilin
receptors
as
drug
targets
for
gastroin
testin
aldisorders.
N
atRev
G
astroenterolH
epatol13
:38-48
[PM
ID
:26392067]
N
eurom
edin
U
receptors
G
protein
-coupled
receptors→
N
eurom
edin
U
receptors
O
verview
:
N
eurom
edin
U
receptors
(p
ro
visio
n
al
n
o
m
en
-
clatu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[557])
are
acti-
vated
by
th
e
en
dogen
ous
25
am
in
o
acid
peptide
n
eurom
edin
U
(n
eurom
edin
U
-25
(N
M
U
,P48645),N
m
U
-25),a
peptide
origin
ally
isolated
from
pig
spin
alcord
[1344].In
h
um
an
s,N
m
U
-25
appears
to
be
th
e
sole
productofa
precursorgen
e
(N
M
U
,P48645)sh
ow
in
g
a
broad
tissue
distribution
,but
w
h
ich
is
expressed
at
h
igh
est
lev-
els
in
th
e
uppergastroin
testin
altract,C
N
S,bon
e
m
arrow
an
d
fetal
liver.
M
uch
sh
orter
version
s
of
N
m
U
are
foun
d
in
som
e
species,
butn
otin
h
um
an
,an
d
are
derived
atleastin
som
e
in
stan
ces
from
th
e
proteolytic
cleavage
ofth
e
lon
gerN
m
U
.D
espite
species
differ-
en
ces
in
N
m
U
structure,
th
e
C
-term
in
al
region
(particularly
th
e
C
-term
in
al
pen
tapeptide)
is
h
igh
ly
con
served
an
d
con
tain
s
bio-
logicalactivity.N
eurom
edin
S
(n
eurom
edin
S-33
(N
M
S,Q
5H
8A
3))
h
as
also
been
iden
tified
as
an
en
dogen
ous
agon
ist
[1378].
N
m
S-
33
is,as
its
n
am
e
suggests,a
33
am
in
o-acid
product
ofa
precursor
protein
derived
from
a
sin
gle
gen
e
an
d
con
tain
s
an
am
idated
C
-
term
in
alh
eptapeptide
iden
ticalto
N
m
U
.N
m
S-33
appears
to
acti-
vate
N
M
U
receptors
w
ith
equivalen
t
poten
cy
to
N
m
U
-25.
N
om
enclature
N
M
U
1
receptor
N
M
U
2
receptor
H
G
N
C
,U
niProt
N
M
U
R1,Q
9H
B89
N
M
U
R2,Q
9G
ZQ
4
Antagonists
–
R-PSO
P
(pK
B
7)
[1193]
C
o
m
m
en
ts:
N
M
U
1
an
d
N
M
U
2
couple
predom
in
an
tly
to
G
q/11
alth
ough
th
ere
is
eviden
ce
of
good
couplin
g
to
G
i/o
[218,825,833].
N
M
U
1
an
d
N
M
U
2
can
be
labelled
w
ith
[ 125I]-N
m
U
an
d
[ 125I]-N
m
S
(of
various
species,e.g.
[1319]),BO
D
IPY
®
TM
R
-N
M
U
or
C
y3B-N
M
U
-8
[218].
A
ran
ge
of
radiolabelled
( 125I-),fluorescen
tly
labelled
(e.g.
C
y3,C
y5,rh
odam
in
e
an
d
FA
M
)
an
d
biotin
labelled
version
s
of
n
eurom
edin
U
-25
(N
M
U
,P48645)
an
d
n
eurom
edin
S-33
(N
M
S,Q
5H
8A
3)
are
n
ow
com
m
ercially
available.
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Fu
rth
er
read
in
g
o
n
N
eu
ro
m
ed
in
U
recep
to
rs
Brigh
ton
PJ
et
al.
(2004)
N
eurom
edin
U
an
d
its
receptors:
structure,
fun
ction
,
an
d
ph
ysiological
roles.
Pharm
acol.Rev.56
:231-48
[PM
ID
:15169928]
Budh
iraja
S
etal.(2009)N
eurom
edin
U
:ph
ysiology,ph
arm
acology
an
d
th
erapeutic
poten
tial.
Fun-
dam
C
lin
Pharm
acol23
:149-57
[PM
ID
:19645813]
M
itch
ellJD
et
al.
(2009)
Em
ergin
g
ph
arm
acology
an
d
ph
ysiology
of
n
eurom
edin
U
an
d
th
e
struc-
turally
related
peptide
n
eurom
edin
S.Br.J.Pharm
acol.158
:87-103
[PM
ID
:19519756]
N
ovak
C
M
.(2009)
N
eurom
edin
S
an
d
U
.Endocrinology
150
:2985-7
[PM
ID
:19549882]
N
europeptide
FF/neuropeptide
AF
receptors
G
protein
-coupled
receptors→
N
europeptide
FF/n
europeptide
A
F
receptors
O
verview
:
Th
e
N
europeptide
FF
receptor
fam
ily
con
tain
s
tw
o
subtypes,
N
PFF1
an
d
N
PFF2
(p
ro
visio
n
al
n
o
m
en
clatu
re
[557]),
w
h
ich
exh
ibit
h
igh
affin
ities
for
n
europeptide
FF
(N
PFF,
O
15130)an
d
R
Fam
ide
related
peptides(R
FR
P:precursorgen
e
sym
-
bol
N
PV
F,Q
9H
C
Q
7).
N
PFF1
is
broadly
distributed
in
th
e
cen
tral
n
ervous
system
w
ith
th
e
h
igh
estlevels
foun
d
in
th
e
lim
bic
system
an
d
th
e
h
ypoth
alam
us.N
PFF2
is
presen
tin
h
igh
den
sity
in
th
e
su-
perficiallayers
ofth
e
m
am
m
alian
spin
alcord
w
h
ere
it
is
in
volved
in
n
ociception
an
d
m
odulation
of
opioid
fun
ction
s.
N
om
enclature
N
PFF1
receptor
N
PFF2
receptor
H
G
N
C
,U
niProt
N
PFFR1,Q
9G
ZQ
6
N
PFFR2,Q
9Y5X
5
Potency
orderofendogenous
ligands
RFRP-1
(N
PVF,Q
9H
C
Q
7)
>
RFRP-3
(N
PVF,Q
9H
C
Q
7)
>
FM
RFneuropeptide
FF
(N
PFF,
O
15130)
>
neuropeptide
AF
(N
PFF,O
15130)
>
neuropeptide
SF
(N
PFF,O
15130),
Q
RFP43
(Q
RFP,P83859),PrRP-31
(PRLH
,P81277)
[663]
neuropeptide
AF
(N
PFF,O
15130),neuropeptide
FF
(N
PFF,O
15130)
>
PrRP-31
(PRLH
,P81277)
>
FM
RF,Q
RFP43
(Q
RFP,P83859)
>
neuropeptide
SF
(N
PFF,O
15130)
[663]
Endogenous
agonists
neuropeptide
FF
(N
PFF,O
15130)
[663,664,1359],RFRP-3
(N
PVF,Q
9H
C
Q
7)
[664,665,
1359]
neuropeptide
FF
(N
PFF,O
15130)
[664,1358]
Selective
agonists
–
dN
PA
[1681],AC
263093
[1092]
Antagonists
RF9
(pK
i 7.2)
[1814]
–
Selective
antagonists
AC
262620
(pK
i 7.7–8.1)
[1092],AC
262970
(pK
i 7.4–8.1)
[1092]
–
Labelled
ligands
[ 125I]Y-RFRP-3
(Agonist)
[664],[ 3H
]N
PVF
(Agonist)
[1928],[ 125I]N
PFF
(Agonist)
[663]
[ 125I]EYF
(Agonist)
[1359],[ 3H
]EYF
(Agonist)
[1928],[ 125I]N
PFF
(Agonist)
[663]
C
o
m
m
en
ts:A
n
orph
an
receptor
G
PR83
(Q
9N
Y
M
4)sh
ow
s
sequen
ce
sim
ilarities
w
ith
N
PFF1,N
PFF2,PrR
P
an
d
Q
R
FP
receptors.Th
e
an
tagon
ist
R
F9
is
selective
for
N
PFF
receptors,but
does
n
ot
distin
guish
betw
een
th
e
N
PFF1
an
d
N
PFF2
subtypes
(pK
i 7.1
an
d
7.2,respectively,[1814]).
Searchable
database:http://w
w
w.guidetopharm
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N
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Fu
rth
er
read
in
g
o
n
N
eu
ro
p
ep
tid
e
FF/n
eu
ro
p
ep
tid
e
A
F
recep
to
rs
M
oulédous
L
et
al.
(2010)
O
pioid-m
odulatin
g
properties
of
th
e
n
europeptide
FF
system
.
Biofactors
36
:423-9
[PM
ID
:20803521]
V
yas
N
et
al.
(2006)
Structure-activity
relation
sh
ips
of
n
europeptide
FF
an
d
related
peptidic
an
d
n
on
-peptidic
derivatives.
Peptides
27
:990-6
[PM
ID
:16490282]
Yan
g
H
Y
et
al.
(2008)
M
odulatory
role
of
n
europeptide
FF
system
in
n
ociception
an
d
opiate
an
al-
gesia.N
europeptides
42
:1-18
[PM
ID
:17854890]
N
europeptide
S
receptor
G
protein
-coupled
receptors→
N
europeptide
S
receptor
O
verview
:Th
e
n
europeptide
S
receptor
(N
PS,p
ro
visio
n
al
n
o
m
en
clatu
re
[557])
respon
ds
to
th
e
20
am
in
o-acid
peptide
n
europeptide
S
derived
from
a
precursor
(N
PS,P0C
0P6).
N
om
enclature
N
PS
receptor
H
G
N
C
,U
niProt
N
PSR1,Q
6W
5P4
Endogenous
agonists
neuropeptide
S
(N
PS,P0C
0P6)
[2159]
Selective
agonists
PW
T1-N
PS
[1692]–
M
ouse
Selective
antagonists
N
C
G
C
84
(pA
2
9)
[1957],SH
A
68
(pA
2
8.1)
[1693]–
M
ouse,RTI-118
[2214]
Labelled
ligands
[ 125I]Tyr 10N
PS
(hum
an)
(Agonist)
[2159]
C
o
m
m
en
ts:
M
ultiple
sin
gle-n
ucleotide
polym
orph
ism
s
(SN
P)
an
d
severalsplice
varian
ts
h
ave
been
iden
tified
in
th
e
h
um
an
N
PS
receptor.
Th
e
m
ost
in
terestin
g
of
th
ese
is
an
A
sn
-Ile
exch
an
ge
at
position
107
(A
sn
107Ile).
Th
e
h
um
an
N
PS
receptor
A
sn
107Ile
dis-
played
sim
ilarbin
din
g
affin
ity
buth
igh
erN
PS
poten
cy
(by
approx.
10-fold)
th
an
h
um
an
N
PS
receptor
A
sn
107
[1645].
Several
epi-
dem
iological
studies
reported
an
association
betw
een
A
sn
107Ile
receptor
varian
t
an
d
susceptibility
to
pan
ic
disorders
[458,
460,
1506,
1621].
Th
e
SN
P
A
sn
107Ile
h
as
also
been
lin
ked
to
sleep
beh
avior
[662],in
flam
m
atory
bow
el
disease
[402],sch
izoph
ren
ia
[1145],in
creased
im
pulsivity
an
d
A
D
H
D
sym
ptom
s
[1083].In
ter-
estin
gly,a
carboxy-term
in
alsplice
varian
t
ofh
um
an
N
PS
receptor
w
as
foun
d
to
be
overexpressed
in
asth
m
atic
patien
ts
[1091].
Fu
rth
er
read
in
g
o
n
N
eu
ro
p
ep
tid
e
S
recep
to
r
G
uerrin
i
R
et
al.
(2010)
N
eurobiology,
ph
arm
acology,
an
d
m
edicin
al
ch
em
istry
of
n
europeptide
S
an
d
its
receptor.
M
ed
Res
Rev
30
:751-77
[PM
ID
:19824051]
X
u
Y
L
et
al.
(2004)
N
europeptide
S:a
n
europeptide
prom
otin
g
arousal
an
d
an
xiolytic-like
effects.
N
euron
43
:487-497
[PM
ID
:15312648]
Searchable
database:http://w
w
w.guidetopharm
acology.org/index.jsp
N
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S
receptor
S91
FullC
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ofC
onciseG
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S.P.H.Alexanderetal.The
Concise
Guide
to
PHARM
ACOLOGY
2017/18:G
protein-coupled
receptors.British
JournalofPharm
acology
(2017)174,S17–S129
N
europeptide
W
/neuropeptide
B
receptors
G
protein
-coupled
receptors→
N
europeptide
W
/n
europeptide
B
receptors
O
verview
:
Th
e
n
europeptide
BW
receptor
1
(N
PBW
1,
p
ro
-
visio
n
al
n
o
m
en
clatu
re
[557])
is
activated
by
tw
o
23-
am
in
o-acid
peptides,
n
europeptide
W
(n
europeptide
W
-23
(N
PW
,
Q
8N
729))
an
d
n
europeptide
B
(n
europeptide
B-23
(N
PB,
Q
8N
G
41))
[584,
1792].
C
-term
in
ally
exten
ded
form
s
of
th
e
pep-
tides
(n
europeptide
W
-30
(N
PW
,Q
8N
729)an
d
n
europeptide
B-29
(N
PB,Q
8N
G
41))also
activate
N
PBW
1
[216].U
n
ique
to
both
form
s
of
n
europeptide
B
is
th
e
N
-term
in
albrom
in
ation
of
th
e
first
tryp-
toph
an
residue,an
d
itis
from
th
is
post-tran
slation
alm
odification
th
at
th
e
n
om
en
clature
N
PB
is
derived.
Th
ese
peptides
w
ere
first
iden
tified
from
bovin
e
h
ypoth
alam
us
an
d
th
erefore
are
classed
as
n
europeptides.
En
dogen
ous
varian
ts
of
th
e
peptides
w
ith
-
out
th
e
N
-term
in
al
brom
in
ation
,des-Br-n
europeptide
B-23
(N
PB,
Q
8N
G
41)
an
d
des-Br-n
europeptide
B-29
(N
PB,
Q
8N
G
41),
w
ere
n
ot
foun
d
to
be
m
ajor
com
pon
en
ts
of
bovin
e
h
ypoth
alam
ic
tis-
sue
extracts.
Th
e
N
PBW
2
receptor
is
activated
by
th
e
sh
ort
an
d
C
-term
in
alexten
ded
form
s
of
n
europeptide
W
an
d
n
europeptide
B
[216].
N
om
enclature
N
PBW
1
receptor
N
PBW
2
receptor
H
G
N
C
,U
niProt
N
PBW
R1,P48145
N
PBW
R2,P48146
Potency
order
ofendogenous
ligands
neuropeptide
B-29
(N
PB,Q
8N
G
41)
>
neuropeptide
B-23
(N
PB,
Q
8N
G
41)
>
neuropeptide
W
-23
(N
PW
,Q
8N
729)
>
neuropeptide
W
-30
(N
PW
,Q
8N
729)
[216]
neuropeptide
W
-23
(N
PW
,Q
8N
729)
>
neuropeptide
W
-30
(N
PW
,Q
8N
729)
>
neuropeptide
B-29
(N
PB,Q
8N
G
41)
>
neuropeptide
B-23
(N
PB,Q
8N
G
41)
[216]
Selective
agonists
Ava3
[945],Ava5
[945]
–
Labelled
ligands
[ 125I]N
PW
-23
(hum
an)
(Agonist)
[1816]
[ 125I]N
PW
-23
(hum
an)
(Agonist)
[1792]
C
o
m
m
en
ts:
Poten
cy
m
easurem
en
ts
w
ere
con
ducted
w
ith
h
eterologously-expressed
receptors
w
ith
a
ran
ge
of
0.14-0.57
n
M
(N
PBW
1)
an
d
0.98-21
n
M
(N
PBW
2).
N
PBW
1
-/-
m
ice
sh
ow
ch
an
ges
in
social
beh
avior,
suggestin
g
th
at
th
e
N
PBW
1
path
w
ay
m
ay
h
ave
an
im
portan
t
role
in
th
e
em
otion
al
respon
ses
of
social
in
teraction
[1414].
For
a
review
of
th
e
con
tribution
of
n
europep-
tideB/W
to
socialdom
in
an
ce,see
[2080].Ith
as
been
reported
th
at
n
europeptide
W
m
ay
h
ave
a
key
role
in
th
e
gatin
g
ofstressfulstim
-
uliw
h
en
m
ice
are
exposed
to
n
ovelen
viron
m
en
ts
[1392].Tw
o
an
-
tagon
ists
h
ave
been
discovered
an
d
reported
to
h
ave
affin
ity
for
N
PBW
1,M
L181
an
d
M
L250,th
e
latter
exh
ibitin
g
im
proved
selec-
tivity
(∼
100
fold)for
N
PBW
1
com
pared
to
M
C
H
1
receptors
[694,
695].
C
om
putation
al
in
sigh
ts
in
to
th
e
bin
din
g
of
an
tagon
ists
to
th
is
receptor
h
ave
also
been
described
[1541].
Fu
rth
er
read
in
g
o
n
N
eu
ro
p
ep
tid
e
W
/n
eu
ro
p
ep
tid
e
B
recep
to
rs
SakuraiT.(2013)
N
PBW
R
1
an
d
N
PBW
R
2:Im
plication
s
in
En
ergy
H
om
eostasis,Pain
,an
d
Em
otion
.
FrontEndocrinol(Lausanne)4
:23
[PM
ID
:23515889]
Sin
gh
G
et
al.
(2006)
N
europeptide
B
an
d
W
:n
eurotran
sm
itters
in
an
em
ergin
g
G
-protein
-coupled
receptor
system
.Br.J.Pharm
acol.148
:1033-41
[PM
ID
:16847439]
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N
europeptide
Y
receptors
G
protein
-coupled
receptors→
N
europeptide
Y
receptors
O
verview
:
N
europeptide
Y
(N
PY
)
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
N
eu
ro
p
ep
-
tid
e
Y
R
ecep
to
rs
[1330])
are
activated
by
th
e
en
dogen
ous
peptides
n
europeptide
Y
(N
PY
,
P01303),
n
europeptide
Y-(3-36),
peptide
Y
Y
(PY
Y
,P10082),PY
Y-(3-36)
an
d
pan
creatic
polypeptide
(PPY
,
P01298)
(PP).
Th
e
receptor
origin
ally
iden
tified
as
th
e
Y
3
receptor
h
as
been
iden
tified
as
th
e
C
X
C
R
4
ch
em
okin
e
recepter
(origin
ally
n
am
ed
LESTR
,
[1201]).
Th
e
y6
receptor
is
a
fun
c-
tion
algen
e
product
in
m
ouse,absen
t
in
rat,but
con
tain
s
a
fram
e-
sh
ift
m
utation
in
prim
ates
producin
g
a
trun
cated
n
on
-fun
ction
al
gen
e
[676].
M
an
y
of
th
e
agon
ists
exh
ibit
differin
g
degrees
of
se-
lectivity
depen
den
t
on
th
e
species
exam
in
ed.
For
exam
ple,
th
e
poten
cy
of
PP
is
greater
at
th
e
rat
Y
4
receptor
th
an
at
th
e
h
u-
m
an
receptor
[513].
In
addition
,
m
an
y
agon
ists
lack
selectiv-
ity
for
in
dividual
subtypes,
but
can
exh
ibit
com
parable
poten
cy
again
st
pairs
of
N
PY
receptor
subtypes,
or
h
ave
n
ot
been
exam
-
in
ed
for
activity
at
all
subtypes.
[ 125I]-PY
Y
or
[ 125I]-N
PY
can
be
used
to
label
Y
1 ,
Y
2 ,
Y
5
an
d
y
6
subtypes
n
on
-selectively,
w
h
ile
[ 125I][cPP(1-7),N
PY
(19-23),A
la 31,A
ib
32,G
ln
34]h
PP
m
ay
be
used
to
labelY
5
receptors
preferen
tially
(n
ote
th
atcPP
den
otes
ch
icken
peptide
sequen
ce
an
d
h
PP
is
th
e
h
um
an
sequen
ce).
N
om
enclature
Y
1
receptor
Y
2
receptor
Y
4
receptor
Y
5
receptor
y6
receptor
H
G
N
C
,U
niProt
N
PY1R,P25929
N
PY2R,P49146
N
PY4R,P50391
N
PY5R,Q
15761
N
PY6R,Q
99463
Potency
order
ofendogenous
ligands
neuropeptide
Y
=
peptide
YY
≫
pancreatic
polypeptide
peptide
YY
=
peptide
YY(3-36)
=
neuropeptide
Y
=
neuropeptide
Y(3-36)≫
pancreatic
polypeptide
pancreatic
polypeptide≫
neuropeptide
Y
=
peptide
YY
neuropeptide
Y
>
peptide
YY
>
pancreatic
polypeptide
neuropeptide
Y
=
peptide
YY
>
pancreatic
polypeptide
Endogenous
agonists
neuropeptide
Y
(N
PY,
P01303),peptide
YY
(PYY,
P10082)
PYY-(3-36)
(PYY,P10082)
[619,633],
neuropeptide
Y
(N
PY,P01303),
neuropeptide
Y-(3-36)
(N
PY,P01303),
peptide
YY
(PYY,P10082)
pancreatic
polypeptide
(PPY,P01298)
[98,1217,
1978,2165]
–
–
Agonists
[Leu
31,Pro
34]N
PY
[392],
[Leu
31,Pro
34]PYY
(hum
an),
[Pro
34]N
PY,
[Pro
34]PYY
(hum
an)
–
–
–
–
Selective
agonists
–
–
–
[Ala 31,Aib
32]N
PY
(pig)
[264]
–
Selective
antagonists
BIBO
3304
(pIC
50
9.5)
[2110],BIBP3226
(pK
i
8.1–9.3)
[463,2111]
BIIE0246
(pIC
50
8.5)
[461],JN
J-5207787
(pIC
50
6.9–7.1)
[182]
–
L-152,804
(pK
i 7.6)
[944]
–
Selective
allosteric
m
odulators
–
–
niclosam
ide
(Positive)
[1827]
–
–
Labelled
ligands
[ 3H
]BIBP3226
(Antagonist)
(pK
d
8.7),
[ 125I][Leu
31,Pro
34]N
PY
(Agonist)
[ 125I]PYY-(3-36)
(hum
an)
(Agonist)
[ 125I]PP
(hum
an)
(Agonist)
[ 125I][cPP(1-7),N
PY(19-23),
Ala 31,Aib
32,G
ln
34]hPP
(Agonist)
[481]–
Rat
–
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(continued)
N
om
enclature
Y
1
receptor
Y
2
receptor
Y
4
receptor
Y
5
receptor
y6
receptor
C
om
m
ents
N
ote
that
Pro
34-containing
N
PY
and
PYY
can
also
bind
Y
4
and
Y
5
receptors,so
strictly
speaking
are
not
selective,but
are
the
’preferred’agonists.
–
–
–
–
C
o
m
m
en
ts:
Th
e
Y
1
agon
ists
in
dicated
are
selective
relative
to
Y
2
receptors.
BIBP3226
is
selective
relative
to
Y
2 ,
Y
4
an
d
Y
5
receptors
[632].
N
PY-(13-36)
is
Y
2
selective
relative
to
Y
1
an
d
Y
5
receptors.
PY
Y-(3-36)is
Y
2
selective
relative
to
Y
1
receptors.N
ote
th
atPro34-con
tain
in
g
N
PY
an
d
PY
Y
can
also
bin
d
Y
4
an
d
Y
5 ,th
us
th
ey
are
selective
on
ly
relative
to
Y
2 .Th
e
y
6
receptor
is
a
pseudogen
e
in
h
um
an
s,
but
is
fun
ction
alin
m
ouse,rabbit
an
d
som
e
oth
er
m
am
m
als.
Fu
rth
er
read
in
g
o
n
N
eu
ro
p
ep
tid
e
Y
recep
to
rs
Bow
ers
M
E
et
al.
(2012)
N
europeptide
regulation
of
fear
an
d
an
xiety:
Im
plication
s
of
ch
ole-
cystokin
in
,
en
dogen
ous
opioids,
an
d
n
europeptide
Y.
Physiol.
Behav.
107
:
699-710
[PM
ID
:22429904]
M
ich
el
M
C
et
al.
(1998)
X
V
I.
In
tern
ation
al
U
n
ion
of
Ph
arm
acology
recom
m
en
dation
s
for
th
e
n
om
en
clature
of
n
europeptide
Y,
peptide
Y
Y
an
d
pan
creatic
polypeptide
receptors.
Pharm
a-
col.Rev.50
:143-150
[PM
ID
:9549761]
Pedragosa-Badia
X
et
al.
(2013)
N
europeptide
Y
receptors:
h
ow
to
get
subtype
selectivity.
Front
Endocrinol(Lausanne)4
:5
[PM
ID
:23382728]
Zh
an
g
L
etal.(2011)
Th
e
n
europeptide
Y
system
:path
oph
ysiologicalan
d
th
erapeutic
im
plication
s
in
obesity
an
d
can
cer.Pharm
acol.T
her.131
:91-113
[PM
ID
:21439311]
N
eurotensin
receptors
G
protein
-coupled
receptors→
N
euroten
sin
receptors
O
verview
:N
euroten
sin
receptors
(n
o
m
en
clatu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[557])are
activated
by
th
e
en
dogen
ous
tridecapeptide
n
euroten
sin
(pG
lu-Leu-Tyr-G
lu-A
sn
-Lys-Pro-A
rg-A
rg-Pro-
Tyr-Ile-Leu)derived
from
a
precursor
(N
T
S,30990),w
h
ich
also
gen
erates
n
eurom
edin
N
,an
agon
ist
atth
e
N
TS2
receptor.[ 3H
]n
euroten
sin
(h
um
an
,m
ouse,rat)an
d
[ 125I]n
euroten
sin
(h
um
an
,m
ouse,rat)
m
ay
be
used
to
labelN
TS1
an
d
N
TS2
receptors
at
0.1-0.3
an
d
3-5
n
M
con
cen
tration
s
respectively.
N
om
enclature
N
TS1
receptor
N
TS2
receptor
H
G
N
C
,U
niProt
N
TSR1,P30989
N
TSR2,O
95665
Potency
order
ofendogenous
ligands
neurotensin
(N
TS,P30990)
>
neurom
edin
N
{M
ouse,Rat}
[776]
neurotensin
(N
TS,P30990)
=
neurom
edin
N
{M
ouse,Rat}
[1297]
Selective
agonists
JM
V449
[1822]–
Rat
levocabastine
[1297,1657]
Selective
antagonists
m
eclinertant
(pIC
50
7.5–8.2)
[699]
–
Labelled
ligands
[ 3H
]m
eclinertant
(Antagonist)
(pK
d
8.5)
[1085]–
Rat
–
Searchable
database:http://w
w
w.guidetopharm
acology.org/index.jsp
N
eurotensin
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C
o
m
m
en
ts:
n
euroten
sin
(N
T
S,
P30990)
appears
to
be
a
low
-
efficacy
agon
istatth
e
N
TS2
receptor[2039],w
h
ile
th
e
N
TS1
recep-
toran
tagon
istm
eclin
ertan
tis
an
agon
istatN
TS2
receptors
[2039].
A
n
addition
alprotein
,provision
ally
term
ed
N
TS3
(also
kn
ow
n
as
N
TR
3,gp95
an
d
sortilin
;EN
SG
00000134243),h
as
been
suggested
to
bin
d
lipoprotein
lipase
an
d
m
ediate
its
degradation
[1460].
It
h
as
been
reported
to
in
teract
w
ith
th
e
N
TS1
receptor
[1273]
an
d
th
e
N
TS2
receptor[260],an
d
h
asbeen
im
plicated
in
h
orm
on
e
traf-
fickin
g
an
d/or
n
euroten
sin
uptake.
A
splice
varian
t
of
th
e
N
TS2
receptor
bearin
g
5
tran
sm
em
bran
e
dom
ain
s
h
as
been
iden
tified
in
m
ouse
[195]an
d
later
in
rat
[1561].
Fu
rth
er
read
in
g
o
n
N
eu
ro
ten
sin
recep
to
rs
Boules
M
et
al.
(2013)
D
iverse
roles
of
n
euroten
sin
agon
ists
in
th
e
cen
tral
n
ervous
system
.
Front
Endocrinol(Lausanne)4
:36
[PM
ID
:23526754]
M
azella
J
et
al.
(2012)
N
euroten
sin
an
d
its
receptors
in
th
e
con
trol
of
glucose
h
om
eostasis.
Front
Endocrinol(Lausanne)3
:143
[PM
ID
:23230428]
M
yers
R
M
etal.(2009)C
an
cer,ch
em
istry,an
d
th
e
cell:m
olecules
th
atin
teractw
ith
th
e
n
euroten
sin
receptors.A
C
S
C
hem
.Biol.4
:503-25
[PM
ID
:19462983]
Tan
gan
elli
S
et
al.
(2012)
R
elevan
ce
of
dopam
in
e
D
(2)/n
euroten
sin
N
TS1
an
d
N
M
D
A
/n
euroten
sin
N
TS1
receptor
in
teraction
in
psych
iatric
an
d
n
eurodegen
erative
disorders.
C
urr.
M
ed.
C
hem
.
19
:304-16
[PM
ID
:22335510]
O
pioid
receptors
G
protein
-coupled
receptors→
O
pioid
receptors
O
verview
:
O
pioid
an
d
opioid-like
receptors
are
activated
by
a
variety
of
en
dogen
ous
peptides
in
cludin
g
[M
et]en
keph
alin
(PEN
K
,
P01210)
(m
et),
[Leu]en
keph
alin
(PEN
K
,
P01210)
(leu),
β-en
dorph
in
(PO
M
C
,
P01189)
(β-en
d),
α
-n
eodyn
orph
in
(PD
Y
N
,
P01213),
dyn
orph
in
A
(PD
Y
N
,
P01213)
(dyn
A
),
dyn
orph
in
B
(PD
Y
N
,
P01213)
(dyn
B),
big
dyn
orph
in
(PD
Y
N
,
P01213)
(Big
dyn
),
n
ociceptin
/orph
an
in
FQ
(PN
O
C
,
Q
13519)
(N
/O
FQ
);
en
dom
orph
in
-1
an
d
en
dom
orph
in
-2
are
also
poten
tial
en
doge-
n
ous
peptides.
Th
e
G
reek
letter
n
om
en
clature
for
th
e
opioid
receptors,µ
,δ
an
d
κ
,is
w
ell
establish
ed,an
d
N
C
-IU
P
H
A
R
con
-
siders
th
is
n
om
en
clature
appropriate,
alon
g
w
ith
th
e
sym
bols
spelled
out
(m
u,
delta,
an
d
kappa),
an
d
th
e
acron
ym
s,
M
O
P,
D
O
P,
an
d
K
O
P.
[390,
441,
557].
Th
e
h
um
an
N
/O
FQ
receptor,
N
O
P,
is
con
sidered
’opioid-related’
rath
er
th
an
opioid
because,
w
h
ile
it
exh
ibits
a
h
igh
degree
of
structural
h
om
ology
w
ith
th
e
con
ven
tion
al
opioid
receptors
[1361],
it
displays
a
distin
ct
ph
ar-
m
acology.
C
urren
tly
th
ere
are
n
um
erous
clin
ically
used
drugs,
such
as
m
orph
in
e
an
d
m
an
y
oth
er
opioid
an
algesics,
as
w
ell
as
an
tagon
ists
such
as
n
aloxon
e,h
ow
ever
on
ly
for
th
e
µ
receptor.
N
om
enclature
δ
receptor
κ
receptor
µ
receptor
N
O
P
receptor
H
G
N
C
,U
niProt
O
PRD
1,P41143
O
PRK1,P41145
O
PRM
1,P35372
O
PRL1,P41146
Principalendogenous
agonists
β-endorphin
(PO
M
C,P01189),[Leu]enkephalin
(PEN
K,P01210),[M
et]enkephalin
(PEN
K,P01210)
big
dynorphin
(PD
YN
,P01213),dynorphin
A
(PD
YN
,P01213)
β-endorphin
(PO
M
C,P01189),
[M
et]enkephalin
(PEN
K,P01210),
[Leu]enkephalin
(PEN
K,P01210)
nociceptin/orphanin
FQ
(PN
O
C,
Q
13519)
[11,153,1507]
Potentialendogenous
agonists
–
–
endom
orphin-1,endom
orphin-2
–
Agonists
D
AD
LE
[1972],etorphine
[1972],
ethylketocyclazocine
[1972]
–
levorphanol[727],
hydrom
orphone
[2094],fentanyl
[1972],buprenorphine
(Partial
agonist)
[1972],m
ethadone
[1595],codeine
[1972],
tapentadol[1992],pethidine
[1595]
–
Searchable
database:http://w
w
w.guidetopharm
acology.org/index.jsp
O
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(continued)
N
om
enclature
δ
receptor
κ
receptor
µ
receptor
N
O
P
receptor
Sub/fam
ily-selective
agonists
BU
08028
(Partialagonist)
[979]
BU
08028
[979]
BU
08028
(Partialagonist)
[979]
cebranopadol[1182],BU
08028
(Partialagonist)
[979]
Selective
agonists
U
FP-512
[2033],BW
373U
86
[1115],AD
L5859
[1115],D
PD
PE
[1391,1972],
[D
-Ala 2]deltorphin
II[515],AD
L5747
[1116],
SN
C
80
[268,1620]
U
50488
[313,1545,1813,1972,2046,
2222,2224],enadoline
[848,1447],U
69593
[1089,1972],salvinorin
A
[259,1677]
sufentanil[2041],D
AM
G
O
[726,
1972],loperam
ide
[323],
m
orphine
[653,1972],PL017
[304,1972]
N
/O
FQ
-(1-13)-N
H
2
[153,696,
1304,1507],Ac-RYYRW
K-N
H
2
(Partialagonist)
[464,1304],
SC
H
221510
[2030],Ro64-6198
[898,2108]
Antagonists
naltrexone
(pK
i 8)
[1972],naloxone
(pK
i 7.2)
[1972]
buprenorphine
(pK
i 9.1–10.2)
[1972,2224],
nalm
efene
(pK
i 9.5)
[1972],naltrexone
(pK
i
8.4–9.4)
[1545,1813,1972],naloxone
(pK
i
7.6–8.6)
[1545,1813,1972,2222,2224]
naltrexone
(pK
i 9.1–9.7)
[965,
1972],nalm
efene
(pK
i 9.5)
[1972],nalorphine
(pK
i 8.9)
[1972],naloxone
(pK
i 8.9)[1972],
m
ethylnaltrexone
(pK
i 8.7)
[2094]
–
Sub/fam
ily-selective
antagonists
AT-076
(pK
i 7.7)
[1972,2201]
AT-076
(pK
i 8.9)
[1972,2202]
AT-076
(pK
i 8.8)
[1972,2202]
AT-076
(pK
i 8.8)
[2202]
Selective
antagonists
naltriben
(pK
i 10)
[1841,1972],naltrindole
(pK
i
9.7)
[1594,1972],TIPPψ
(Inverse
agonist)
(pK
i
9)
[1735,1972]
nor-binaltorphim
ine
(pK
i 8.9–11)
[1545,
1593,1813,1972,2222,2224],
5’-guanidinonaltrindole
(pK
i 9.7–9.9)
[924,
1545,1868],JD
Tic
(pK
i 9–9.4)
[1400,1951,
2202]
alvim
opan
(pK
i 9.3)
[1114],
levallorphan
(pK
i 8.8–9.3)
[1250],
C
TAP
(pK
i 8.6)
[304,1972]
U
FP-101
(pK
i 10.2)
[269],
LY2940094
(pK
i 10)
[1971],
com
pound
24
(pK
i 9.6)
[549],
SB
612111
(pK
i 9.2–9.5)
[1856,
2200],J-113397
(pIC
50
8.3)
[962]
Allosteric
m
odulators
–
–
BM
S-986123
(N
eutral)
(pK
B
6)
[247],BM
S-986121
(Positive)
(pK
B
5.7)
[247],BM
S-986124
(N
eutral)
(pK
B
5.7)
[247],
BM
S-986122
(Positive)
(pK
B
5.3)
[247]
–
Labelled
ligands
[ 3H
]naltrindole
(Antagonist)
(pK
d
10.4)
[2161]–
Rat,[ 3H
][D
-Ala2]deltorphin
I(Selective
Agonist)
[1865],[ 3H
]diprenorphine
(Agonist)
[52,1972],
[ 3H
]D
PD
PE
(Agonist)
[26],[ 3H
]deltorphin
II
(Agonist)[261],[ 3H
]naltriben
(Antagonist)[1154]
[ 3H
]diprenorphine
(Antagonist)
(pK
d
9.1)
[52,1813],[ 3H
]U
69593
(Agonist)
[1089,
1545,1813],[ 3H
]enadoline
(Agonist)
[1815]
[ 3H
]diprenorphine
(Antagonist)
(pK
d
10.1)
[1638]–
M
ouse,
[ 3H
]D
AM
G
O
(Agonist)
[1638]–
Rat,[ 3H
]PL017
(Agonist)
[751]–
Rat
[ 3H
]N
/O
FQ
(Agonist)
[464,
1360]
C
o
m
m
en
ts:Th
ree
n
aloxon
e-sen
sitive
opioid
receptorgen
esh
ave
been
iden
tified
in
h
um
an
s,
an
d
w
h
ile
th
e
µ
-receptor
in
particu-
lar
m
ay
be
subject
to
exten
sive
altern
ative
splicin
g
[1535],
th
ese
putative
isoform
s
h
ave
n
ot
been
correlated
w
ith
an
y
of
th
e
sub-
types
of
receptor
proposed
in
years
past.
O
pioid
receptors
m
ay
h
eterodim
erize
w
ith
each
oth
erorw
ith
oth
er7TM
receptors[926],
an
d
give
rise
to
com
plexes
w
ith
a
un
ique
ph
arm
acology,h
ow
ever,
eviden
ce
forsuch
h
eterodim
ers
in
n
ative
cells
is
equivocalan
d
th
e
con
sequen
ces
of
th
is
h
eterodim
erization
for
sign
allin
g
rem
ain
s
largely
un
kn
ow
n
.
For
µ
-opioid
receptors
at
least,
dim
erization
does
n
ot
seem
to
be
required
for
sign
allin
g
[1078].A
distin
ct
m
et-
en
keph
alin
receptor
lackin
g
structural
resem
blan
ce
to
th
e
opioid
receptors
listed
h
as
been
iden
tified
(O
G
FR,9N
ZT2)an
d
term
ed
an
opioid
grow
th
factor
receptor
[2198].
En
dom
orph
in
-1
an
d
en
dom
orph
in
-2
h
ave
been
iden
tified
as
h
igh
ly
selective,
putative
en
dogen
ous
agon
ists
for
th
e
µ
-opioid
receptor.
A
t
presen
t,h
ow
ever,th
e
m
ech
an
ism
s
for
en
dom
orph
in
syn
th
esis
in
vivo
h
ave
n
ot
been
establish
ed,
an
d
th
ere
is
n
o
gen
e
iden
tified
th
at
en
codes
for
eith
er.
Th
us,
th
e
status
of
th
ese
pep-
tides
as
en
dogen
ous
ligan
ds
rem
ain
s
un
proven
.
Tw
o
areas
of
in
creasin
g
im
portan
ce
in
defin
in
g
opioid
recep-
tor
fun
ction
are
th
e
presen
ce
of
fun
ction
ally
relevan
t
sin
gle
n
u-
cleotide
polym
orph
ism
s
in
h
um
an
µ
-receptors
[1490]
an
d
th
e
iden
tification
of
biased
sign
allin
g
by
opioid
receptor
ligan
ds,
in
particular,
com
poun
ds
previously
ch
aracterized
as
an
tagon
ists
[236].
Path
w
ay
bias
for
agon
ists
m
akes
gen
eralran
k
orders
of
po-
ten
cy
an
d
efficacy
som
ew
h
at
obsolete,
so
th
ese
do
n
ot
appear
in
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database:http://w
w
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th
e
table.A
s
ever,th
e
m
ech
an
ism
s
un
derlyin
g
th
e
acute
an
d
lon
g
term
regulation
of
opiod
receptor
fun
ction
are
th
e
subject
of
in
-
ten
se
in
vestigation
an
d
debate.
Th
e
rich
n
ess
ofopioid
receptor
ph
arm
acology
h
as
been
en
h
an
ced
w
ith
th
e
recen
t
discovery
of
allosteric
m
odulators
of
µ
an
d
δ
re-
ceptors,
n
otably
th
e
positive
allosteric
m
odulators
an
d
silen
t
al-
losteric
"an
tagon
ists"
outlin
ed
in
[247,
248].
N
egative
allosteric
m
odulation
of
opioid
receptors
h
as
been
previously
suggested
[953],w
h
eth
er
allcom
poun
ds
are
actin
g
at
a
sim
ilar
site
rem
ain
s
to
be
establish
ed.
Fu
rth
er
read
in
g
o
n
O
p
io
id
recep
to
rs
Butelm
an
ER
et
al.
(2012)
κ
-opioid
receptor/dyn
orph
in
system
:
gen
etic
an
d
ph
arm
acoth
erapeutic
im
plication
s
for
addiction
.Trends
N
eurosci.35
:587-96
[PM
ID
:22709632]
C
ox
BM
et
al.
(2015)
C
h
allen
ges
for
opioid
receptor
n
om
en
clature:
IU
PH
A
R
R
eview
9.
Br.
J.Phar-
m
acol.172
:317-23
[PM
ID
:24528283]
Pradh
an
A
A
et
al.
(2011)
Th
e
delta
opioid
receptor:
an
evolvin
g
target
for
th
e
treatm
en
t
of
brain
disorders.Trends
Pharm
acol.Sci.32
:581-90
[PM
ID
:21925742]
W
illiam
s
JT
etal.(2013)
R
egulation
of
µ
-opioid
receptors:desen
sitization
,ph
osph
orylation
,in
ter-
n
alization
,an
d
toleran
ce.
Pharm
acol.Rev.65
:223-54
[PM
ID
:23321159]
O
rexin
receptors
G
protein
-coupled
receptors→
O
rexin
receptors
O
verview
:O
rexin
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
O
rex
in
recep
to
rs
[557])
are
activated
by
th
e
en
dogen
ous
polypeptides
orexin
-A
(H
C
RT
,O
43612)
an
d
orexin
-B
(H
C
RT
,O
43612)
(also
kn
ow
n
as
h
ypocretin
-1
an
d
-2;33
an
d
28
aa)
derived
from
a
com
m
on
precursor,preproorexin
or
orexin
precursor,by
proteolytic
cleavage
[1703].
N
om
enclature
O
X
1
receptor
O
X
2
receptor
H
G
N
C
,U
niProt
H
CRTR1,O
43613
H
CRTR2,O
43614
Potency
order
ofendogenous
ligands
orexin-A
(H
CRT,O
43612)
>
orexin-B
(H
CRT,O
43612)
orexin-A
(H
CRT,O
43612)
=
orexin-B
(H
CRT,O
43612)
Selective
agonists
–
[Ala 11,D
-Leu
15]orexin-B
[66,1612]
Selective
antagonists
suvorexant
(pK
i 9.3)
[391],SB-649868
(pK
i 9.1)
[442],SB-674042
(pK
i
8.7–9.1)
[1098,1253,1255],filorexant
(pK
i 8.6)
[2124],alm
orexant
(pIC
50
7.9)
[221],SB-408124
(pK
i 7.2–7.6)
[1098,1253],SB-334867
(pK
i 7.4–7.5)
[1253,1591]
filorexant
(pK
i 9.5)
[2124],suvorexant
(pK
i 9.5)
[391],EM
PA
(pK
i 9)
[1252],
SB-649868
(pK
i 8.9)
[442],JN
J-10397049
(pK
i 8–8.6)
[1300],alm
orexant
(pIC
50
8.1)
[221],TC
S-O
X
2-29
(pK
i 7.4)
[798]
Labelled
ligands
–
[ 3H
]-alm
orexant
(Selective
Antagonist)
(pK
d
8.9–9.8)
[1253,1255],[ 3H
]C
p-1
(Selective
Antagonist)
(pK
d
9.2–9.4)
[1253],[ 3H
]EM
PA
(Selective
Antagonist)
(pK
d
8.6–9)
[1252,1255],[ 125I]-orexin-A
(Agonist)
[1066,1611,1703]
C
o
m
m
en
ts:
Th
e
prim
ary
couplin
g
of
orexin
receptors
to
G
q/11
protein
s
is
rath
er
speculative
an
d
based
on
th
e
stron
g
activation
of
ph
osph
olipase
C
,
th
ough
recen
t
studies
in
recom
bin
an
t
C
H
O
cells
also
stress
th
e
im
portan
ce
ofG
q/11
[1065].C
ouplin
g
ofboth
receptors
to
G
i/o
an
d
G
s
h
as
also
been
reported
[951,1068,1146,
1629]
for
m
ost
cellular
respon
ses
observed,
th
e
G
protein
path
-
w
ay
is
un
kn
ow
n
.
Th
e
poten
cy
order
of
en
dogen
ous
ligan
ds
m
ay
depen
d
on
th
e
cellular
sign
al
tran
sduction
m
ach
in
ery.
M
ost
of
th
e
O
X
2
receptor
selective
an
tagon
ists
listed
are
w
eakly
selective
(≤
10-fold),orselectivity
m
ay
be
lessth
an
100-fold
orn
otun
equiv-
ocally
determ
in
ed.[A
la 11,D
-Leu
15]orexin
-B
m
ay
sh
ow
poor
O
X
2
receptor
selectivity
[1612].
O
rexin
receptors
h
ave
been
reported
to
be
able
to
form
com
-
plexes
w
ith
each
oth
er
an
d
som
e
oth
er
G
PC
R
s
as
w
ell
as
C
R
F
receptors
[1067,1426],w
h
ich
m
igh
t
affect
th
e
sign
alin
g
an
d
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w
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ph
arm
acology.R
ecen
tly
a
prom
isin
g
syn
th
etic
orexin
receptorlig-
an
d
(com
poun
d
26)h
as
been
reported
butn
otth
orough
ly
ch
arac-
terized
[1412].
Loss-of-fun
ction
m
utation
s
in
th
e
gen
e
en
codin
g
th
e
O
X
2
receptor
un
derlie
can
in
e
h
ereditary
n
arcolepsy
[1177].
A
n
tagon
ists
of
th
e
orexin
receptors
are
th
e
focus
of
m
ajor
drug
discovery
effortforth
eirpoten
tialto
treatin
som
n
ia
an
d
oth
erdis-
orders
ofw
akefuln
ess
[1668],w
h
ile
agon
ists
w
ould
likely
be
useful
in
h
um
an
n
arcolepsy.
Fu
rth
er
read
in
g
o
n
O
rex
in
recep
to
rs
Baim
el
C
et
al.
(2015)
O
rexin
/h
ypocretin
role
in
rew
ard:
im
plication
s
for
opioid
an
d
oth
er
addic-
tion
s.Br.J.Pharm
acol.172
:334-48
[PM
ID
:24641197]
K
ukkon
en
JP.(2013)Ph
ysiology
ofth
e
orexin
ergic/h
ypocretin
ergic
system
:a
revisit
in
2012.A
m
.J.
Physiol.,C
ellPhysiol.304
:C
2-32
[PM
ID
:23034387]
LiSB
et
al.
(2016)
H
ypocretin
s,N
euralSystem
s,Ph
ysiology,an
d
Psych
iatric
D
isorders.
C
urr
Psychi-
atry
Rep
18
:7
[PM
ID
:26733323]
M
ah
ler
SV
et
al.
(2014)
M
otivation
alactivation
:
a
un
ifyin
g
h
ypoth
esis
of
orexin
/h
ypocretin
fun
c-
tion
.N
at.N
eurosci.17
:1298-303
[PM
ID
:25254979]
O
xoglutarate
receptor
G
protein
-coupled
receptors→
O
xoglutarate
receptor
O
verview
:N
o
m
en
clatu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[414].
N
om
enclature
oxoglutarate
receptor
H
G
N
C
,U
niProt
O
XG
R1,Q
96P68
Endogenous
agonists
α
-ketoglutaric
acid
[762,1854]
P2Y
receptors
G
protein
-coupled
receptors→
P2Y
receptors
O
verview
:
P2Y
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
P
2Y
R
ecep
to
rs
[1,
2])
are
activated
by
th
e
en
dogen
ous
ligan
ds
A
TP,
A
D
P,
uridin
e
triph
osph
ate,uridin
e
diph
osph
ate
an
d
U
D
P-glucose.
Th
e
relation
sh
ip
ofm
an
y
ofth
e
clon
ed
receptors
to
en
dogen
ously
ex-
pressed
receptors
is
n
ot
yet
establish
ed
an
d
so
it
m
igh
t
be
appro-
priate
to
use
w
ordin
g
such
as
’uridin
e
triph
osph
ate-preferrin
g
(or
A
TP-,
etc.)
P2Y
receptor’
or
’P2Y
1 -like’,
etc.,
un
til
furth
er,
as
yet
un
defin
ed,
corroborative
criteria
can
be
applied
[251,
514,
878,
2044,2089].
C
lin
ically
used
drugs
actin
g
on
th
ese
receptors
in
clude
th
e
din
u-
cleoside
polyph
osph
ate
diquafosol,
agon
ist
of
th
e
P2Y
2
receptor
subtype,approved
in
Japan
forth
e
m
an
agem
en
tofdry
eye
disease
[1101],
an
d
th
e
P2Y
12
receptor
an
tagon
ists
prasugrel,
ticagrelor
an
d
can
grelor,allapproved
as
an
tiplatelet
drugs
[273,1602].
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N
om
enclature
P2Y
1
receptor
P2Y
2
receptor
P2Y
4
receptor
P2Y
6
receptor
H
G
N
C
,U
niProt
P2RY1,P47900
P2RY2,P41231
P2RY4,P51582
P2RY6,Q
15077
Potency
order
ofendogenous
ligands
AD
P>
ATP
uridine
triphosphate
>
ATP
[1112]
uridine
triphosphate>
ATP
(at
rat
recom
binant
receptors,U
TP
=
ATP)
uridine
diphosphate≫
uridine
triphosphate
>
AD
P
Endogenous
agonists
–
uridine
triphosphate
[989,1112]
–
–
Agonists
AD
PβS
[1921],2M
eSAD
P
[1729,2054]
–
–
–
Sub/fam
ily-selective
agonists
–
diquafosol[1554],denufosol[1113,
1554,2181],U
TPγS
[1112]
diquafosol[240],denufosol
[2181],U
TPγS
[1113]
–
Selective
agonists
M
RS2365
[329],2-C
l-AD
P(α
-BH
3 )
[76]
M
RS2698
[874],2-thioU
TP
[498],
PSB1114
(EC
50
value
determ
ined
using
an
IP
3
functionalassay)
[498,499,873]
M
RS4062
[1276],M
RS2927
[1276],(N
)m
ethanocarba-U
TP
[989]
Rp-5-O
M
e-U
D
Pα
B
[644,702],
M
RS2957
[1275],M
RS2693
[146]
Antagonists
suram
in
(pK
i 5.3)
[2054],PPAD
S
(pK
i 5.2)
[2054]
–
ATP
(pK
d
6.2)
[970]
–
Sub/fam
ily-selective
antagonists
–
reactive
blue-2
(pIC
50
6)
[892],suram
in
(pIC
50
4.3)
[892,1729]
PPAD
S
(pEC
50
2–5)
[881],
reactive
blue-2
(pIC
50
4.7)
[171]
–
Rat
reactive
blue-2
(pK
B
6)
[2045],
PPAD
S
(pK
B
4)
[2045],suram
in
(pK
B
4)
[2045]
Selective
antagonists
M
RS2500
(pK
i 8.8–9.1)
[286,988],
M
RS2279
(pK
i 7.9)
[2054],M
RS2179
(pK
i
7–7.1)
[203,2054]
AR-C
118925X
X
(pIC
50 ∼
6)
[968],
AR-C
126313
(pEC
50
6)
[874],PSB-416
(pIC
50
4.7)
[792]
ATP
(pK
d
6.2)
[970]
M
RS2578
(pIC
50
7.4)
[1257],
M
RS2567
(pIC
50
6.9)
[1257]
Allosteric
m
odulators
2,2’-pyridylisatogen
tosylate
(N
egative)
(pIC
50
7.8)
[601]
–
–
–
Selective
allosteric
m
odulators
BM
S
com
pound
16
(N
egative)
(pK
i 6.9)
[2206]
–
–
–
Labelled
ligands
[ 3H
]M
RS2279
(Antagonist)
(pK
d
8.1)
[2054],
[ 3H
]2M
eSAD
P
(Agonist)
[1921],[ 35S]AD
PβS
(Agonist)
–
–
M
RS4162
(Selective
Antagonist)
(pEC
50
7.6)
[897]
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N
om
enclature
P2Y
11
receptor
P2Y
12
receptor
P2Y
13
receptor
P2Y
14
receptor
H
G
N
C
,U
niProt
P2RY11,Q
96G
91
P2RY12,Q
9H
244
P2RY13,Q
9BPV8
P2RY14,Q
15391
Potency
order
ofendogenous
ligands
ATP
AD
P
[775]
AD
P≫
ATP
uridine
diphosphate
[281]
Sub/fam
ily-selective
agonists
–
2M
eSAD
P
[775],AD
PβS
[1921]
2M
eSAD
P
[1271],2M
eSATP
[1271],AD
PβS
[1271]
–
Selective
agonists
AR-C
67085
[93,372],N
F546
[1317],ATPγS
[372]
–
–
α
.β-m
ethylene-2-thio-U
D
P
[407],M
RS2905
[879],
2-thio-U
D
P
[407]
Antagonists
–
PSB-0739
(pK
i 7.6)
[97]
–
–
Sub/fam
ily-selective
antagonists
suram
in
(pIC
50
4.8–6)
[372],
reactive
blue-2
(pIC
50
5)
[372]
cangrelor
(pIC
50
9.4)
[882],Ap
4 A
(pIC
50
6)
[1271],2M
eSAM
P
(pIC
50
5.4)
[1921]
cangrelor
(pIC
50
8.3)
[1271],Ap
4 A
(pIC
50
6.7)
[1271],2M
eSAM
P
(pIC
50
5.6)
[1271]
–
Selective
antagonists
N
F157
(pK
i 7.3)
[1999],
N
F340
(pIC
50
6.4–7.1)
[1317]
AZD
1283
(pK
i 8)
[79,2207],ARL66096
(pIC
50
7.9)
[846,847],ticagrelor
(pK
i
7.8)
[2203]
M
RS2603
(pIC
50
6.2)
[996],M
RS2211
(pIC
50
6)
[996]
PPTN
(pK
i 10.1)
[102]
Labelled
ligands
–
[ 3H
]2M
eSAD
P
(Agonist)
[1921],
[ 3H
]PSB-0413
(Antagonist)
(pK
d
8.3–8.5)
[497,1497]
[ 33P]2M
eSAD
P
(Agonist)
[1271]
M
RS4174
(Selective
Antagonist)
(pK
i 10.1)
[1006],
M
RS4183
(Selective
Agonist)
[1005]
C
o
m
m
en
ts:
A
series
of
4-alkyloxyim
in
o
derivatives
of
uridin
e-
5’-triph
osph
ate
w
h
ich
could
be
usefulforderivatization
asfluores-
cen
tP2Y
2/4/6
receptorprobes
h
as
been
recen
tly
syn
th
esized
[897].
Sin
gle
n
ucleotide
polym
orph
ism
s
of
th
e
P2Y
R
1
gen
e
are
associ-
ated
w
ith
differen
tplateletreactivity
to
A
D
P
A
D
P
[784].Th
ree
fre-
quen
t
n
on
syn
on
ym
ous
P2Y
2
receptor
polym
orph
ism
s
h
ave
been
iden
tified,
on
e
of
w
h
ich
w
as
sign
ifican
tly
m
ore
com
m
on
in
cys-
tic
fibrosis
patien
ts.
Th
is
polym
orph
ism
is
lin
ked
to
in
creases
in
C
a 2+
in
flux
in
tran
sfected
cells,
an
d
m
igh
t
th
erefore
play
a
role
in
disease
developm
en
t[263].A
lth
ough
uridin
e
triph
osph
ate
(U
TP)
w
as
also
sh
ow
n
to
be
a
biased
agon
ist
at
P2Y
11 ,th
is
is
still
un
der
debate
[1388,
2104].
A
group
of
sin
gle
n
ucleotide
poly-
m
orph
ism
s
in
th
e
P2Y
12
gen
e,
form
in
g
th
e
so
called
P2Y
12
H
2
h
aplotype,h
as
been
associated
w
ith
in
creased
plateletrespon
sive-
n
ess
to
A
D
P,in
creased
risk
of
periph
eralarterialdisease
an
d
w
ith
coron
ary
artery
disease
[291].
Th
e
platelet-type
bleedin
g
disorder
due
to
P2Y
12
receptor
defects
is
an
autosom
alrecessive
con
dition
ch
aracterized
by
m
ild
to
m
oderate
m
ucocutan
eous
bleedin
g
an
d
excessive
bleedin
g
aftersurgery
ortraum
a.Th
e
defectis
due
to
th
e
in
ability
of
A
D
P
to
in
duce
platelet
aggregation
[287].
Th
e
P2Y
13
receptor
M
et-158-Th
r
polym
orph
ism
,w
h
ich
is
in
lin
kage
disequi-
librium
w
ith
th
e
P2Y
12
locus,
is
n
ot
associated
w
ith
acute
m
y-
ocardial
in
farction
,
diabetes
m
ellitus
or
related
risk
factors
[44].
Th
e
P2Y
14
receptor
w
as
previously
con
sidered
to
exclusively
bin
d
sugar
n
ucleotides
such
as
U
D
P-glucose
an
d
U
D
P-galactose
[299].
H
ow
ever,m
ore
recen
t
eviden
ce
w
ith
severalcelllin
es
h
as
dem
on
-
strated
th
aturidin
e
diph
osph
ate
(U
D
P)is
5-fold
m
ore
poten
tth
an
U
D
P-glucose
[281].U
D
P
w
as
also
sh
ow
n
to
com
petitively
an
tago-
n
ise
th
e
U
D
P-glucose
respon
se
at
th
e
h
um
an
recom
bin
an
t
P2Y
14
receptor
[578].
Fu
rth
er
read
in
g
o
n
P
2Y
recep
to
rs
A
bbracch
io
M
P
et
al.
(2006)
In
tern
ation
al
U
n
ion
of
Ph
arm
acology
LV
III:
update
on
th
e
P2Y
G
protein
-coupled
n
ucleotide
receptors:
from
m
olecular
m
ech
an
ism
s
an
d
path
oph
ysiology
to
th
erapy.Pharm
acol.Rev.58
:281-341
[PM
ID
:16968944]
Jacobson
K
A
etal.(2015)N
ucleotides
A
ctin
g
atP2Y
R
eceptors:C
on
n
ectin
g
Structure
an
d
Fun
ction
.
M
ol.Pharm
acol.88
:220-30
[PM
ID
:25837834]
von
K
ügelgen
I
etal.(2016)
Ph
arm
acology
an
d
structure
of
P2Y
receptors.
N
europharm
acology
104
:
50-61
[PM
ID
:26519900]
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Parathyroid
horm
one
receptors
G
protein
-coupled
receptors→
Parath
yroid
h
orm
on
e
receptors
O
verview
:
Th
e
parath
yroid
h
orm
on
e
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
P
arath
yro
id
H
o
rm
o
n
e
R
ecep
to
rs
[606])
are
fam
ily
B
G
protein
-coupled
receptors.
Th
e
parath
yroid
h
orm
on
e
(PTH
)/parath
yroid
h
orm
on
e-related
peptide
(PTH
rP)
receptor
(PTH
1
receptor)
is
activated
by
precursor-derived
peptides:
PTH
(PT
H
,P01270)
(84
am
in
o
acids),an
d
PTH
rP
(PT
H
LH
,P12272)
(141
am
in
o-acids)
an
d
related
peptides
(PTH
-(1-34),PTH
rP-(1-36)
(PT
H
LH
,P12272)).
Th
e
parath
yroid
h
orm
on
e
2
receptor
(PTH
2
receptor)
is
activated
by
th
e
precursor-derived
peptide
TIP39
(PT
H
2,Q
96A
98)
(39
am
in
o
acids).[ 125I]PTH
m
ay
be
used
to
labelboth
PTH
1
an
d
PTH
2
receptors.
N
om
enclature
PTH
1
receptor
PTH
2
receptor
H
G
N
C
,U
niProt
PTH
1R,Q
03431
PTH
2R,P49190
Potency
order
ofendogenous
ligands
PTH
(PTH
,P01270)
=
PTH
rP
(PTH
LH
,P12272)
TIP39
(PTH
2,Q
96A98),PTH
(PTH
,P01270)≫
PTH
rP
(PTH
LH
,P12272)
Agonists
teriparatide
[604]
TIP39
(PTH
2,Q
96A98)
[661,804]
Selective
agonists
PTH
rP-(1-34)
(hum
an)
[605]–
Rat
–
C
o
m
m
en
ts:Th
e
parath
yroid
h
orm
on
e
type
1
receptor
(PTH
R
)
is
th
e
can
on
icalG
PC
R
for
PTH
an
d
PTH
rP.It
is
coupled
to
G
s
an
d
G
q
an
d
regulates
th
e
developm
en
t
ofbon
e,h
eart,m
am
m
ary
glan
ds
an
d
oth
er
tissues
in
respon
se
to
PTH
rP,an
d
blood
con
cen
tration
s
of
calcium
an
d
ph
osph
ate
ion
s,as
w
ellas
vitam
in
D
,in
respon
se
to
PTH
.A
n
oth
er
im
portan
t
action
of
th
e
PTH
/PTH
R
system
is
to
stim
ulate
bon
e
form
ation
w
h
en
th
e
h
orm
on
e
is
in
term
itten
tly
adm
in
istrated
(daily
in
jection
).A
lth
ough
PTH
(PT
H
,P01270)is
an
agon
istath
um
an
PTH
2
receptors,itfails
to
activate
th
e
roden
torth
ologues.
TIP39
(PT
H
2,Q
96A
98)
is
a
w
eak
an
tagon
ist
at
PTH
1
receptors
[925].
Fu
rth
er
read
in
g
o
n
P
arath
yro
id
h
o
rm
o
n
e
recep
to
rs
C
h
eloh
a
RW
etal.(2015)PTH
receptor-1
sign
allin
g-m
ech
an
istic
in
sigh
ts
an
d
th
erapeutic
prospects.
N
atRev
Endocrinol[PM
ID
:26303600]
G
ardella
TJ
et
al.
(2015)
In
tern
ation
al
U
n
ion
of
Basic
an
d
C
lin
ical
Ph
arm
acology.
X
C
III.
Th
e
Parath
yroid
H
orm
on
e
R
eceptors-Fam
ily
B
G
Protein
-C
oupled
R
eceptors.
Pharm
acol.
Rev.
67
:
310-37
[PM
ID
:25713287]
V
ilardaga
JP
et
al.
(2014)
En
dosom
algen
eration
of
cA
M
P
in
G
PC
R
sign
alin
g.
N
at.
C
hem
.
Biol.
10
:
700-6
[PM
ID
:25271346]
Platelet-activating
factor
receptor
G
protein
-coupled
receptors→
Platelet-activatin
g
factor
receptor
O
verview
:Platelet-activatin
g
factor
(PA
F,1-O
-alkyl-2-acetyl-sn
-glycero-3-ph
osph
och
olin
e)
is
an
eth
er
ph
osph
olipid
m
ediator
associated
w
ith
platelet
coagulation
,but
also
subserves
in
flam
m
atory
roles.
Th
e
PA
F
receptor
(p
ro
visio
n
al
n
o
m
en
clatu
re
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[557])
is
activated
by
PA
F
an
d
oth
er
suggested
en
dogen
ous
ligan
ds
are
oxidized
ph
osph
atidylch
olin
e
[1265]
an
d
lysoph
osph
atidylch
olin
e
[1492].It
m
ay
also
be
activated
by
bacteriallipopolysacch
aride
[1417].
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N
om
enclature
PAF
receptor
H
G
N
C
,U
niProt
PTAFR,P25105
Selective
agonists
m
ethylcarbam
ylPAF
Selective
antagonists
foropafant
(pK
i 10.3)
[774],ABT-491
(pK
i 9.2)
[30],C
V-6209
(pIC
50
8.1–8.3)
[652,1416],L659989
(pK
i 7.8)
[851],apafant
(pK
i 5.2–7.5)
[1529,1904]
Labelled
ligands
[ 3H
]PAF
(Agonist)
[585,1416]
C
o
m
m
en
ts:N
ote
th
at
a
previously
recom
m
en
ded
radioligan
d
([ 3H
]apafan
t;K
d
44.6
n
M
)
is
curren
tly
un
available.
Fu
rth
er
read
in
g
o
n
P
latelet-activatin
g
facto
r
recep
to
r
Foord
SM
etal.(2005)In
tern
ation
alU
n
ion
ofPh
arm
acology.X
LV
I.G
protein
-coupled
receptor
list.
Pharm
acolRev
57
:279-288
[PM
ID
:15914470]
Ish
iiS
etal.(2000)Platelet-activatin
g
factor
(PA
F)receptor
an
d
gen
etically
en
gin
eered
PA
F
receptor
m
utan
t
m
ice.Prog.Lipid
Res.39
:41-82
[PM
ID
:10729607]
Prescott
SM
et
al.
(2000)
Platelet-activatin
g
factor
an
d
related
lipid
m
ediators.
A
nnu.
Rev.
Biochem
.
69
:419-45
[PM
ID
:10966465]
Prokineticin
receptors
G
protein
-coupled
receptors→
Prokin
eticin
receptors
O
verview
:
Prokin
eticin
receptors,
PK
R
1
an
d
PK
R
2
(p
ro
vi-
sio
n
al
n
o
m
en
clatu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[557])
respon
d
to
th
e
cystein
e-rich
81-86
am
in
o-acid
peptides
prokin
eticin
-1
(PRO
K
1,Q
9H
C
23)(also
kn
ow
n
asen
docrin
e
glan
d-
derived
vascular
en
doth
elial
grow
th
factor,
m
am
bakin
e)
an
d
prokin
eticin
-2
(PRO
K
2,
Q
9H
C
23)
(protein
Bv8
h
om
ologue).
A
n
orth
ologue
of
PR
O
K
1
from
black
m
am
ba
(D
endroaspis
polylepis)
ven
om
,m
am
ba
in
testin
altoxin
1
(M
IT1,[1749])is
a
poten
t,n
on
-
selective
agon
ist
at
prokin
eticin
receptors
[1279],
w
h
ile
Bv8,
an
orth
ologue
of
PR
O
K
2
from
am
ph
ibian
s
(Bom
bina
sp.,
[1357]),
is
equipoten
t
at
recom
bin
an
t
PK
R
1
an
d
PK
R
2
[1435],
an
d
h
as
h
igh
poten
cy
in
m
acroph
age
ch
em
otaxisassays,w
h
ich
are
lostin
PK
R
1 -
n
ullm
ice.
N
om
enclature
PKR
1
PKR
2
H
G
N
C
,U
niProt
PRO
KR1,Q
8TC
W
9
PRO
KR2,Q
8N
FJ6
Potency
order
ofendogenous
ligands
prokineticin-2
(PRO
K2,Q
9H
C
23)
>
prokineticin-1
(PRO
K1,Q
9H
C
23)
>
prokineticin-2β
(PRO
K2)
[1175,1279,1843]
prokineticin-2
(PRO
K2,Q
9H
C
23)
>
prokineticin-1
(PRO
K1,Q
9H
C
23)
>
prokineticin-2β
(PRO
K2)
[1175,1279,1843]
Endogenous
agonists
prokineticin-2
(PRO
K2,Q
9H
C
23)
[316,1279],prokineticin-1
(PRO
K1,Q
9H
C
23)
[316,1279],prokineticin-2β
(PRO
K2)
[316]
prokineticin-2
(PRO
K2,Q
9H
C
23)
[316,1279],prokineticin-1
(PRO
K1,Q
9H
C
23)
[316,1279],prokineticin-2β
(PRO
K2)
[316]
Agonists
M
IT1
[1279]
M
IT1
[1279]
Searchable
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N
om
enclature
PKR
1
PKR
2
Selective
agonists
IS20
[612],IS1
[612]
–
Labelled
ligands
[ 125I]BH
-M
IT1
(Agonist)
[1279]
[ 125I]BH
-M
IT1
(Agonist)
[1279]
C
o
m
m
en
ts:
G
en
etic
m
utation
s
in
PRO
K
R1
are
associated
w
ith
H
irsch
sprun
g’s
disease
[1688],
w
h
ile
gen
etic
m
utation
s
in
PRO
K
R2
are
associated
w
ith
h
ypogon
adotropic
h
ypogon
adism
w
ith
an
osm
ia
[455],h
ypopituitarism
w
ith
pituitary
stalk
in
terruption
[1649]an
d
H
irsch
sprun
g’s
disease
[1688].
Fu
rth
er
read
in
g
o
n
P
ro
k
in
eticin
recep
to
rs
Boulberdaa
M
et
al.
(2011)
Prokin
eticin
receptor
1
(PK
R
1)
sign
allin
g
in
cardiovascular
an
d
kidn
ey
fun
ction
s.
C
ardiovasc.Res.92
:191-8
[PM
ID
:21856786]
N
egriL
et
al.
(2012)
Bv8/PK
2
an
d
prokin
eticin
receptors:
a
druggable
pron
ociceptive
system
.
C
urr
O
pin
Pharm
acol12
:62-6
[PM
ID
:22136937]
N
egri
L
et
al.
(2007)
Bv8/Prokin
eticin
protein
s
an
d
th
eir
receptors.
Life
Sci.
81
:
1103-16
[PM
ID
:17881008]
N
gan
ES
et
al.
(2008)
Prokin
eticin
-sign
alin
g
path
w
ay.
Int.
J.
Biochem
.
C
ell
Biol.
40
:
1679-84
[PM
ID
:18440852]
Prolactin-releasing
peptide
receptor
G
protein
-coupled
receptors→
Prolactin
-releasin
g
peptide
receptor
O
verview
:
Th
e
precursor
(PRLH
,
P81277)
for
PrR
P
gen
erates
31
an
d
20-am
in
o-acid
version
s.
Q
R
FP43
(Q
RFP,
P83859)
(n
am
ed
after
a
pyroglutam
ylated
argin
in
e-ph
en
ylalan
in
e-am
ide
peptide)
is
a
43
am
in
o
acid
peptide
derived
from
Q
R
FP
(P83859)
an
d
is
also
kn
ow
n
as
P518
or
26R
Fa.
R
FR
P
is
an
R
F
am
ide-related
pep-
tide
[794]
derived
from
a
FM
R
Fam
ide-related
peptide
precursor
(N
PV
F,
Q
9H
C
Q
7),
w
h
ich
is
cleaved
to
gen
erate
n
europeptide
SF
(N
PFF,
O
15130),
n
europeptide
R
FR
P-1
(N
PV
F,
Q
9H
C
Q
7),
n
eu-
ropeptide
R
FR
P-2
(N
PV
F,
Q
9H
C
Q
7)
an
d
n
europeptide
R
FR
P-3
(N
PV
F,Q
9H
C
Q
7)
(n
europeptide
N
PV
F).
N
om
enclature
PrRP
receptor
H
G
N
C
,U
niProt
PRLH
R,P49683
Potency
order
ofendogenous
ligands
PrRP-20
(PRLH
,P81277)
=
PrRP-31
(PRLH
,P81277)
[1099]
Endogenous
agonists
PrRP-20
(PRLH
,P81277)
[509,1099],PrRP-31
(PRLH
,P81277)
[509,1099]
Endogenous
antagonists
neuropeptide
Y
(N
PY,P01303)
(pK
i 5.4)
[1087]
Labelled
ligands
[ 125I]PrRP-20
(hum
an)
(Agonist)
[1099],[ 125I]PrRP31
(Agonist)
[501]
C
o
m
m
en
ts:Th
e
orph
an
receptor
G
PR83
(Q
9N
Y
M
4)
sh
ow
s
sequen
ce
sim
ilarities
w
ith
N
PFF1,N
PFF2,PrR
P
an
d
Q
R
FP
receptors.
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Fu
rth
er
read
in
g
o
n
P
ro
lactin
-releasin
g
p
ep
tid
e
recep
to
r
Sam
son
W
K
etal.(2006)Prolactin
releasin
g
peptide
(PrR
P):an
en
dogen
ous
regulatorofcellgrow
th
.
Peptides
27
:1099-103
[PM
ID
:16500730]
Takayan
agiY
et
al.
(2010)
R
oles
of
prolactin
-releasin
g
peptide
an
d
R
Fam
ide
related
peptides
in
th
e
con
trolof
stress
an
d
food
in
take.
FEBS
J.277
:4998-5005
[PM
ID
:21126313]
Prostanoid
receptors
G
protein
-coupled
receptors→
Prostan
oid
receptors
O
verview
:Prostan
oid
receptors
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
P
ro
stan
o
id
R
ecep
to
rs
[2132])are
activated
by
th
e
en
dogen
ous
ligan
ds
prostaglan
din
s
PG
D
2 ,
PG
E
1 ,PG
E
2
,PG
F2α
,PG
H
2 ,prostacyclin
[PG
I2 ]
an
d
th
rom
boxan
e
A
2 .
M
easurem
en
t
of
th
e
poten
cy
of
PG
I2
an
d
th
rom
boxan
e
A
2
is
h
am
pered
by
th
eir
in
stability
in
ph
ysiologicalsalt
solution
;th
ey
are
often
replaced
by
cicaprost
an
d
U
46619,respectively,in
receptor
ch
aracterization
studies.
N
om
enclature
D
P
1
receptor
D
P
2
receptor
H
G
N
C
,U
niProt
PTG
D
R,Q
13258
PTG
D
R2,Q
9Y5Y4
Potency
order
ofendogenous
ligands
PG
D
2
>
PG
E1 ≫
PG
E2
>
PG
F2α
>
PG
I2 ,throm
boxane
A
2
PG
D
2 ≫
PG
F2α
,PG
E2
>
PG
I2 ,throm
boxane
A
2
Selective
agonists
BW
245C
[173,2133,2134],L-644,698
[2133,2134]
15(R)-15-m
ethyl-PG
D
2
[747,1366,1889]
Antagonists
–
fevipiprant
(pK
d
9)
[1908,1909],ram
atroban
(pK
i 7.4)
[1889]
Selective
antagonists
laropiprant
(pK
i 10.1)
[1882],BW
A868C
(pK
i 8.6–9.3)
[173,640,2133],
O
N
O
-AE3-237
(pK
i 7.7)
[796,1974,1976]
C
AY
10471
(pIC
50
8.9)
[1684,2003]
Labelled
ligands
[ 3H
]PG
D
2
(Agonist)
[2119,2133]
[ 3H
]PG
D
2
(Agonist)
[1280,1790]
N
om
enclature
EP
1
receptor
EP
2
receptor
EP
3
receptor
EP
4
receptor
H
G
N
C
,U
niProt
PTG
ER1,P34995
PTG
ER2,P43116
PTG
ER3,P43115
PTG
ER4,P35408
Potency
order
ofendogenous
ligands
PG
E2
>
PG
E1
>
PG
F2α
,PG
I2
>
PG
D
2 ,
throm
boxane
A
2
PG
E2
=
PG
E1
>
PG
F2α
,PG
I2
>
PG
D
2 ,throm
boxane
A
2
PG
E2 ,PG
E1
>
PG
F2α
,PG
I2
>
PG
D
2 ,
throm
boxane
A
2
PG
E2
=
PG
E1
>
PG
F2α
,PG
I2
>
PG
D
2 ,throm
boxane
A
2
Endogenous
agonists
–
PG
E2
[7,1871,2119]
PG
E2
(EP
3 -IIIisoform
)
[7]
–
Agonists
17-phenyl-ω
-trinor-PG
E2
[1783]
PG
E1
[111]
m
isoprostol(m
ethylester)
(EP
3 -IIIisoform
)
[7]
–
Selective
agonists
O
N
O
-D
I-004
[1899]–
M
ouse
O
N
O
-AE1-259
[1899]–
M
ouse,
butaprost
(free
acid
form
)
[7,1871]
sulprostone
(EP
3 -IIIisoform
)
[7],O
N
O
-AE-248
[562,1206]
L902688
[563,1129],
O
N
O
-AE1-329
[562,563]
Antagonists
–
–
–
EP
4 A
(pK
i 7.6–8.5)
[1229,2195]
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N
om
enclature
EP
1
receptor
EP
2
receptor
EP
3
receptor
EP
4
receptor
Selective
antagonists
O
N
O
-8711
(pK
i 9.2)
[2079],SC
-51322
(pK
i 7.9)
[7]
PF-04418948
(PF-04418948
has
w
eaker
affinity
at
the
EP2-receptor
in
guinea-pigs)
(pK
B
8.3)
[14,157],
TG
6-129
(pK
B
8.1)
[598]
L-826266
(EP
3 -IIIisoform
(pK
i =8.04
in
the
presence
ofH
SA))
(pK
i 9.1)
[933],
O
N
O
-AE3-240
(pIC
50
8.8)
[38]–
M
ouse,
D
G
-041
(pK
i 8.4)
[931]
O
N
O
-AE3-208
(pK
i 8.5),
G
W
627368
(pK
i 7–7.1)
[2119,
2120]
Labelled
ligands
[ 3H
]PG
E2
(Agonist)
[7,1783,2119]
[ 3H
]PG
E2
(Agonist)
[7,2119]
[ 3H
]PG
E2
(Agonist)
[7,2119]
[ 3H
]PG
E2
(Agonist)
[7,420,
2107,2119]
N
om
enclature
FP
receptor
IP
receptor
TP
receptor
H
G
N
C
,U
niProt
PTG
FR,P43088
PTG
IR,P43119
TBXA2R,P21731
Potency
order
ofendogenous
ligands
PG
F2α
>
PG
D
2
>
PG
E2
>
PG
I2 ,throm
boxane
A
2
PG
I2 ≫
PG
E1
>
PG
D
2 ,PG
F2α
>
throm
boxane
A
2
throm
boxane
A
2
=
PG
H
2 ≫
PG
D
2 ,PG
E2 ,PG
F2α
,
PG
I2
Endogenous
agonists
–
PG
I2
[1804],PG
E1
[1277,1873]
–
Agonists
–
iloprost
[7,2119],treprostinil[2107]
–
Selective
agonists
fluprostenol[7],latanoprost
(free
acid
form
)
[7]
cicaprost
[7]
U
46619
[7]
Antagonists
–
–
ram
atroban
(pK
i 8)
[1944]
Selective
antagonists
AS604872
(pK
i 7.5)
[361]
RO
1138452
(pK
i 8.7)
[162],RO
3244794
(pA
2
8.5)
[162]
vapiprost
(pK
i 8.3–9.4)
[63,1216],SQ
-29548
(pK
i
8.1–9.1)
[7,1907,2119]
Labelled
ligands
[ 3H
]PG
F2α
(Agonist)
[7,8,2119],
[ 3H
](+)-fluprostenol(Agonist)
[ 3H
]iloprost
(Agonist)
[7,172,2107,2119]
[ 125I]SAP
(Antagonist)
(pK
d
7.7–9.3)
[1415],
[ 125I]BO
P
(Agonist)
[1381],[ 3H
]SQ
-29548
(Antagonist)
(pK
d
7.4–8.2)
[7,2119]
C
o
m
m
en
ts:
W
h
ilst
cicaprost
is
selective
for
IP
receptors,it
does
exh
ibit
m
oderate
agon
ist
poten
cy
at
EP
4
receptors
[7].
A
part
from
IP
receptors,
iloprost
also
bin
ds
to
EP
1
receptors.
Th
e
IP
receptor
agon
ist
treprostin
ilbin
ds
also
to
h
um
an
EP
2
an
d
D
P
1
re-
ceptors
w
ith
h
igh
affin
ity
(pK
i 8.44
an
d
8.36,respectively)[2107].
Th
e
EP
1
agon
ist
17-ph
en
yl-ω
-trin
or-PG
E
2
also
sh
ow
s
agon
ist
activity
at
EP
3
receptors.
Butaprost
an
d
SC
46275
m
ay
require
de-
esterification
w
ith
in
tissues
to
attain
full
agon
ist
poten
cy.
Th
ere
is
eviden
ce
for
subtypes
of
FP
[1171]
an
d
TP
receptors
[1050,
1637].
m
R
N
A
for
th
e
EP
3
receptor
un
dergoes
altern
ative
splicin
g
to
produce
varian
ts
w
h
ich
can
in
terfere
w
ith
sign
allin
g
[1509]
or
gen
erate
com
plex
pattern
s
of
G
-protein
(G
i/o ,
G
q/11 ,
G
s
an
d
G
12,13 )
couplin
g
(e.g.
[1042,1433]).
Th
e
n
um
ber
of
EP
3
receptor
(protein
)
varian
ts
are
variable
depen
din
g
on
species,
w
ith
five
in
h
um
an
,
th
ree
in
rat
an
d
th
ree
in
m
ouse.
Putative
receptor(s)
for
prostam
ide
F
(w
h
ich
as
yet
lack
m
olecular
correlates)
an
d
w
h
ich
preferen
tially
recogn
ize
PG
F2-1-eth
an
olam
ide
an
d
its
an
alogues
(e.g.
Bim
atoprost)
h
ave
been
iden
tified,
togeth
er
w
ith
m
oderate-
poten
cy
an
tagon
ists
(e.g.A
G
N
211334)[2131].Th
e
free
acid
form
ofA
L-12182,A
L12180,used
in
in
vitro
studies,h
as
a
EC
50
of15n
M
w
h
ich
is
th
e
con
cen
tration
ofth
e
com
poun
d
givin
g
h
alf-m
axim
al
stim
ulation
of
in
ositol
ph
osph
ate
turn
over
in
H
EK
-293
cells
expressin
g
th
e
h
um
an
FP
receptor
[1784].R
eferen
ces
given
alon
g-
side
th
e
TP
receptor
agon
ists
I-BO
P
[1295]
an
d
STA
2
[63]
use
h
u-
m
an
platelets
as
th
e
source
of
TP
receptors
for
com
petition
radio-
ligan
d
bin
din
g
assays
to
determ
in
e
th
e
in
dicated
activity
values.
Ph
arm
acological
eviden
ce
for
a
secon
d
IP
receptor,
den
oted
IP
2 ,
in
th
e
cen
tral
n
ervous
system
[1924,
2082]
an
d
in
th
e
BEA
S-2B
h
um
an
airw
ay
epith
elial
cell
lin
e
[2122]
is
available.
Th
is
receptor
is
selectively
activated
by
15R
-17,18,19,
20-tetran
or-16-m
-tolyl-isocarbacyclin
(15R
-TIC
)
an
d
15R
-D
eoxy
17,18,19,20-tetran
or-16-m
-tolyl-isocarbacyclin
(15-deoxy-TIC
).
H
ow
ever,
m
olecular
biological
eviden
ce
for
an
IP
2
subtype
is
curren
tly
lackin
g.
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Fu
rth
er
read
in
g
o
n
P
ro
stan
o
id
recep
to
rs
W
oodw
ard
D
F
et
al.
(2011)
In
tern
ation
al
un
ion
of
basic
an
d
clin
ical
ph
arm
acology.
LX
X
X
III:
classification
of
prostan
oid
receptors,
updatin
g
15
years
of
progress.
Pharm
acol.
Rev.
63
:
471-538
[PM
ID
:21752876]
Proteinase-activated
receptors
G
protein
-coupled
receptors→
Protein
ase-activated
receptors
O
verview
:
Protein
ase-activated
receptors
(PA
R
s,
n
o
m
en
cla-
tu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
P
ro
tein
ase-activated
R
ecep
to
rs
[809])
are
un
ique
m
em
bers
ofth
e
G
PC
R
superfam
ily
activated
by
proteolytic
cleavage
ofth
eir
am
in
o
term
in
alexodom
ain
s.A
gon
ist
protein
ase-in
duced
h
ydrol-
ysis
un
m
asks
a
teth
ered
ligan
d
(TL)
at
th
e
exposed
am
in
o
term
i-
n
us,w
h
ich
acts
in
tram
olecularly
atth
e
bin
din
g
site
in
th
e
body
of
th
e
receptor
to
effect
tran
sm
em
bran
e
sign
allin
g.
TL
sequen
ces
at
h
um
an
PA
R
1-4
are
SFLLR
N
-N
H
2 ,SLIG
K
V
-N
H
2 ,TFR
G
A
P-N
H
2
an
d
G
Y
PG
Q
V
-N
H
2 ,
respectively.
W
ith
th
e
exception
of
PA
R
3,
th
ese
syn
th
etic
peptide
sequen
ces
(ascarboxylterm
in
alam
ides)are
able
to
actas
agon
ists
atth
eir
respective
receptors.Severalprotein
ases,
in
cludin
g
n
eutroph
ilelastase,cath
epsin
G
an
d
ch
ym
otrypsin
can
h
ave
in
h
ibitory
effects
atPA
R
1
an
d
PA
R
2
such
th
atth
ey
cleave
th
e
exodom
ain
of
th
e
receptor
w
ith
out
in
ducin
g
activation
of
G
α
q-
coupled
calcium
sign
allin
g,th
ereby
preven
tin
g
activation
by
acti-
vatin
g
protein
asesbutn
otby
agon
istpeptides.N
eutroph
ilelastase
(N
E)cleavage
ofPA
R
1
an
d
PA
R
2
can
h
ow
ever
activate
M
A
P
kin
ase
sign
alin
g
by
exposin
g
a
TL
th
at
is
differen
t
from
th
e
on
e
revealed
by
trypsin
[1624].
PA
R
2
ectivation
by
N
E
regulates
in
flam
m
ation
an
d
pain
respon
ses[1397,2217]an
d
triggersm
ucin
secretion
from
airw
ay
epith
elialcells
[2220].
N
om
enclature
PAR1
PAR2
PAR3
PAR4
H
G
N
C
,U
niProt
F2R,P25116
F2RL1,P55085
F2RL2,O
00254
F2RL3,Q
96RI0
Agonist
proteases
throm
bin
(F2,P00734),activated
protein
C
(PRO
C,P04070),
m
atrix
m
etalloproteinase
1
(M
M
P1,
P45452),m
atrix
m
etalloproteinase
13
(M
M
P13,P45452)
[73]
Trypsin,tryptase,TF/VIIa,X
a
throm
bin
(F2,P00734)
throm
bin
(F2,P00734),
trypsin,cathepsin
G
(CTSG
,
P08311)
Agonists
F16357
–
–
–
Selective
agonists
TFLLR-N
H
2
[355]
AC
264613
[1767],AY77
[2178],AC
-55541
[1767],G
B110
[104],
2-furoyl-LIG
RLO
-am
ide
[1305],SLIG
KV-N
H
2
[1134],SLIG
RL-N
H
2
[1134]
–
AYPG
KF-N
H
2,G
YPG
KF-N
H
2,
G
YPG
Q
V-N
H
2
Selective
antagonists
vorapaxar
(pK
i 8.1)
[295],atopaxar
(pIC
50
7.7)
[1024],RW
J-56110
(pIC
50
6.4)
[49]
G
B88
(pIC
50
5.7)
[1886],P2pal18s
[1776]
–
YD
-3
(pIC
50
6.9)
[2091],
M
L354
(pIC
50
6.8)
[2091]
Labelled
ligands
[ 3H
]haTRAP
(Agonist)
[17]
2-furoyl-LIG
RL[N
-(Alexa
Fluor
594)-O
]-N
H
2
(Agonist)
[810],
2-furoyl-LIG
RL[N
[ 3H
]propionyl]-O
-N
H
2
(Agonist)
[810],
[ 3H
]2-furoyl-LIG
RL-N
H
2
(Selective
Agonist)
[946],
trans-cinnam
oyl-LIG
RLO
[N
-[ 3H
]propionyl]-N
H
2
(Agonist)
[28]
–
–
C
om
m
ents
TFLLR-N
H
2
is
selective
relative
to
the
PAR
2
receptor
[159,958].
2-Furoyl-LIG
RLO
-N
H
2
activity
w
as
m
easured
via
calcium
m
obilisation
in
H
EK
293
cells
w
hich
constitutively
coexpress
hum
an
PAR
1
and
PAR
2 .
–
–
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database:http://w
w
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C
o
m
m
en
ts:
En
dogen
ous
serin
e
proteases
(EC
3.4.21.)
ac-
tive
at
th
e
protein
ase-activated
receptors
in
clude:
th
rom
bin
(F2,
P00734),
gen
erated
by
th
e
action
of
Factor
X
(F10,
P00742)
on
liver-derived
proth
rom
bin
(F2,P00734);trypsin
,gen
erated
by
th
e
action
ofen
terokin
ase
(T
M
PRSS15,P98073)on
pan
creatic-derived
trypsin
ogen
(PRSS1,P07477);tryptase,a
fam
ily
of
en
zym
es
(α
/β1
T
PSA
B1,Q
15661
;γ1
T
PSG
1,Q
9N
R
R
2;δ1
T
PSD
1,Q
9BZJ3)secreted
from
m
ast
cells;
cath
epsin
G
(C
T
SG
,
P08311)
gen
erated
from
leukocytes;
liver-derived
protein
C
(PRO
C
,
P04070)
gen
erated
in
plasm
a
by
th
rom
bin
(F2,P00734)an
d
m
atrix
m
etalloprotein
ase
1
(M
M
P1,P45452).
Fu
rth
er
read
in
g
o
n
P
ro
tein
ase-activated
recep
to
rs
A
dam
s
M
N
et
al.
(2011)
Structure,
fun
ction
an
d
path
oph
ysiology
of
protease
activated
receptors.
Pharm
acol.T
her.130
:248-82
[PM
ID
:21277892]
C
an
to
I
et
al.
(2012)
A
llosteric
m
odulation
of
protease-activated
receptor
sign
alin
g.
M
ini
Rev
M
ed
C
hem
12
:804-11
[PM
ID
:22681248]
G
arcía
PS
et
al.
(2010)
Th
e
role
of
th
rom
bin
an
d
protease-activated
receptors
in
pain
m
ech
an
ism
s.
T
hrom
b.H
aem
ost.103
:1145-51
[PM
ID
:20431855]
H
ollen
berg
M
D
et
al.
(2002)
In
tern
ation
al
U
n
ion
of
Ph
arm
acology.
X
X
V
III.
Protein
ase-activated
receptors.Pharm
acol.Rev.54
:203-17
[PM
ID
:12037136]
R
am
ach
an
dran
R
et
al.
(2012)
Targetin
g
protein
ase-activated
receptors:
th
erapeutic
poten
tial
an
d
ch
allen
ges.
N
atRev
D
rug
D
iscov
11
:69-86
[PM
ID
:22212680]
Soh
U
J
et
al.
(2010)
Sign
al
tran
sduction
by
protease-activated
receptors.
Br.
J.
Pharm
acol.
160
:
191-203
[PM
ID
:20423334]
Q
RFP
receptor
G
protein
-coupled
receptors→
Q
R
FP
receptor
O
verview
:
Th
e
h
um
an
gen
e
en
codin
g
th
e
Q
R
FP
receptor
(Q
R
FPR
,
also
kn
ow
n
as
th
e
peptide
P518
receptor),
previously
design
ated
as
an
orph
an
G
PC
R
receptor
w
as
iden
tified
in
2001
by
Lee
et
al.
from
a
h
ypoth
alam
us
cD
N
A
library
[1131].
H
ow
ever,th
e
reported
cD
N
A
(A
F411117)
is
a
ch
im
era
w
ith
bases
1-127
derived
from
ch
rom
osom
e
1
an
d
bases
155-1368
derived
from
ch
rom
osom
e
4.
W
h
en
corrected,
Q
R
FPR
(also
referred
to
as
SP9155
or
A
Q
27)
en
codes
a
431
am
in
o
acid
protein
th
at
sh
ares
sequen
ce
sim
ilarities
in
th
e
tran
sm
em
bran
e
span
n
in
g
region
s
w
ith
oth
er
peptide
receptors.
Th
ese
in
clude
n
europeptide
FF2
(38%
),n
europeptide
Y
2
(37%
)
an
d
galan
in
G
al1
(35%
)
receptors.
N
om
enclature
Q
RFP
receptor
H
G
N
C
,U
niProt
Q
RFPR,Q
96P65
Endogenous
agonists
Q
RFP43
(Q
RFP,P83859)
[311,587,1923]–
Rat,Q
RFP26
(Q
RFP)
[311,910]
Agonists
LV-2172
[1448]
Selective
antagonists
com
pound
25e
(pIC
50
7.3)
[628,629]
Labelled
ligands
[ 125I]Q
RFP43
(hum
an)
(Agonist)
[587,1063,1923]
C
o
m
m
en
ts:Th
e
orph
an
receptor
G
PR83
(9N
Y
M
4)
sh
ow
s
sequen
ce
sim
ilarities
w
ith
th
e
Q
R
FP
receptor,as
w
ellas
w
ith
th
e
N
PFF1,N
PFF2,an
d
PrR
P
receptors.
Fu
rth
er
read
in
g
o
n
Q
R
FP
recep
to
r
Fukusum
iS
etal.(2006)
R
ecen
t
advan
ces
in
m
am
m
alian
R
Fam
ide
peptides:th
e
discovery
an
d
fun
ction
alan
alyses
of
PrR
P,R
FR
Ps
an
d
Q
R
FP.Peptides
27
:1073-86
[PM
ID
:16500002]
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Relaxin
fam
ily
peptide
receptors
G
protein
-coupled
receptors→
R
elaxin
fam
ily
peptide
receptors
O
verview
:
R
elaxin
fam
ily
peptide
receptors
(R
X
FP,n
o
m
en
cla-
tu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
R
e-
lax
in
fam
ily
p
ep
tid
e
recep
to
rs
[112,
713])
m
ay
be
divided
in
to
tw
o
pairs,
R
X
FP1/2
an
d
R
X
FP3/4.
En
dogen
ous
agon
ists
at
th
ese
receptors
are
a
n
um
ber
of
h
eterodim
eric
peptide
h
or-
m
on
es
structurally
related
to
in
sulin
:
relaxin
-1
(RLN
1,
P04808),
relaxin
(RLN
2,
P04090),
relaxin
-3
(RLN
3,
Q
8W
X
F3)
(also
kn
ow
n
as
IN
SL7),
in
sulin
-like
peptide
3
(IN
SL3
(IN
SL3,
P51460))
an
d
IN
SL5
(IN
SL5,Q
9Y
5Q
6).
Species
h
om
ologues
of
relaxin
h
ave
distin
ct
ph
arm
acology
–
relaxin
(RLN
2,P04090)
in
teracts
w
ith
R
X
FP1,R
X
FP2
an
d
R
X
FP3,
w
h
ereas
m
ouse
an
d
rat
relaxin
selectively
bin
d
to
an
d
activate
R
X
FP1
[1755]an
d
porcin
e
relaxin
m
ay
h
ave
a
h
igh
erefficacy
th
an
h
um
an
relaxin
(RLN
2,P04090)[714].R
elaxin
-3
(RLN
3,Q
8W
X
F3)
h
as
differen
tial
affin
ity
for
R
X
FP2
betw
een
species;
m
ouse
an
d
rat
R
X
FP2
h
ave
a
h
igh
er
affin
ity
for
relaxin
-3
(RLN
3,
Q
8W
X
F3)
[1754].
A
t
least
tw
o
bin
din
g
sites
h
ave
been
iden
tified
on
R
X
FP1
an
d
R
X
FP2:
a
h
igh
-affin
ity
site
in
th
e
leucin
e-rich
repeat
region
of
th
e
ectodom
ain
an
d
a
som
ew
h
at
low
er-affin
ity
site
located
in
th
e
surface
loops
of
th
e
tran
sm
em
bran
e
dom
ain
[714,1885].Th
e
un
ique
N
-term
in
alLD
La
m
odule
ofR
X
FP1
an
d
R
X
FP2
is
essen
tial
for
receptor
sign
allin
g
[1756].
N
om
enclature
RX
FP1
RX
FP2
RX
FP3
RX
FP4
H
G
N
C
,U
niProt
RXFP1,Q
9H
BX
9
RXFP2,Q
8W
X
D
0
RXFP3,Q
9N
SD
7
RXFP4,Q
8TD
U
9
Potency
order
ofendogenous
ligands
relaxin
(RLN
2,P04090)
=
relaxin-1
(RLN
1,P04808)
>
relaxin-3
(RLN
3,
Q
8W
X
F3)
[1885]
IN
SL3
(IN
SL3,P51460)
>
relaxin
(RLN
2,P04090)≫
relaxin-3
(RLN
3,Q
8W
X
F3)
[1072,1885]
relaxin-3
(RLN
3,Q
8W
X
F3)
>
relaxin-3
(B
chain)
(RLN
3,
Q
8W
X
F3)
>
relaxin
(RLN
2,
P04090)
[1186]
IN
SL5
(IN
SL5,Q
9Y5Q
6)
=
relaxin-3
(RLN
3,Q
8W
X
F3)
>
relaxin-3
(B
chain)
(RLN
3,Q
8W
X
F3)
[1184,1185]
Endogenous
antagonists
–
–
IN
SL5
(IN
SL5,Q
9Y5Q
6)
(pK
i 7)
[2223]
–
Antagonists
B-R13/17K
H
2
relaxin
(pEC
50
5.7–6.7)
[827,
1446]
–
R3(B$
23-27)R/I5
chim
eric
peptide
(pIC
50
9.2)
[1064]
R3(B$
23-27)R/I5
chim
eric
peptide
(pIC
50
8–8.6)
[749,1064]
Selective
antagonists
–
A(9-26)IN
SL3
(pK
i 9.1)
[826],A(10-24)IN
SL3
(pK
i
8.7)
[826],A(C
10/15S)IN
SL3
(pK
i 8.6)
[2210],
IN
SL3
B
chain
dim
er
analogue
8
(pK
i 8.5)
[1781],
A($
10/15C
)IN
SL3
(pK
i 8.3)
[2210],
cyclic
IN
SL3
B-chain
analogue
6
(pK
i 6.7)
[1779],
IN
SL3
B-chain
analogue
(pK
i 5.1)
[434],
(des
1-8)
A-chain
IN
SL3
analogue
[262]
m
inim
ised
relaxin-3
analogue
3
(pK
i 7.6)
[1777],R3-B1-22R
(pK
i
7.4)
[749]
m
inim
ised
relaxin-3
analogue
3
(pIC
50
6.6)
[1777]
Allosteric
m
odulators
M
L290
(Agonist)
(pEC
50
7)
[2146,2149]
–
–
–
Labelled
ligands
[ 33P]relaxin
(hum
an)
(Agonist)
[714,1885],
europium
-labelled
relaxin
(Agonist)
[1778],
[ 125I]relaxin
(hum
an)
(Agonist)
[ 125I]IN
SL3
(hum
an)
(Agonist)
[1395],
[ 33P]relaxin
(hum
an)
(Agonist)
[714,1885]
[ 125I]relaxin-3
(hum
an)
(Agonist)
[1186],
[ 125I]relaxin-3-B/IN
SL5
A
chim
era
(Agonist)
[1184],
europium
-labelled
relaxin-3-B/IN
SL5
A
chim
era
(Agonist)
[749]
[ 125I]relaxin-3
(hum
an)
(Agonist)
[1185],
[ 125I]relaxin-3-B/IN
SL5
A
chim
era
(Agonist)
[1184],
europium
-labelled
m
ouse
IN
SL5
(Agonist)
[126],
europium
-labelled
relaxin-3-B/IN
SL5
A
chim
era
(Agonist)
[749],
europium
-labelled
IN
SL5
(pK
d
8.3)
[749]
C
om
m
ents
–
europium
-labelled
IN
SL3
is
a
fluorescent
ligand
for
this
receptor
(K
d =1nM
)
[1780].
–
–
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C
o
m
m
en
ts:
R
elaxin
is
th
e
cogn
ate
peptide
ligan
d
for
R
X
FP1
an
d
is
in
exten
ded
Ph
ase
III
clin
ical
trials
for
th
e
treatm
en
t
of
acute
h
eart
failure
[1322].
R
elaxin
h
as
vasodilatory,
an
ti-fibrotic,
an
giogen
ic,
an
ti-apoptotic
an
d
an
ti-in
flam
m
atory
effects.
Sm
all
m
olecule
allosteric
agon
ists
such
as
M
L290
h
ave
been
developed
[1787,2149].Th
e
an
tifibrotic
action
s
ofrelaxin
are
depen
den
t
on
th
e
an
gioten
sin
receptor
A
T
2
[344].R
X
FP2
an
d
its
cogn
ate
ligan
d
IN
SL3
h
ave
a
m
ore
specialized
role
w
ith
m
utation
s
reported
in
patien
ts
w
ith
cryptorch
idism
[538].
cA
M
P
elevation
is
th
e
m
ajor
sign
allin
g
path
w
ay
for
R
X
FP1
an
d
R
X
FP2
[834,
835],
but
R
X
FP1
also
activates
M
A
P
kin
ases,n
itric
oxide
sign
allin
g,tyrosin
e
kin
ase
ph
osph
orylation
an
d
relaxin
can
in
teract
w
ith
glucocorticoid
re-
ceptors
[716].R
X
FP1
sign
allin
g
in
volves
lipid
rafts,residues
in
th
e
C
-term
in
usofth
e
receptoran
d
activation
ofph
osph
atidylin
ositol-
3-kin
ase
[717]
an
d
pre-assem
bled
protein
com
plexes
[715].
R
eceptor
expression
profiles
suggest
th
at
R
X
FP3
is
a
brain
n
eu-
ropeptide
receptor
an
d
R
X
FP4
a
gut
h
orm
on
e
receptor
w
ith
th
e
relaxin
-3/R
X
FP3
system
m
odulatin
g
feedin
g
[596,
597,
749,
1777,
1830],
an
xiety
[1694,
2204],
an
d
rew
ard
an
d
m
otivated
goal-directed
beh
aviours
[821,
1694,
2055].
R
elaxin
-3
(RLN
3,
Q
8W
X
F3)
is
an
agon
ist
at
R
X
FP3
an
d
R
X
FP4
w
h
ereas
IN
SL5
(IN
SL5,
Q
9Y
5Q
6)
is
an
agon
ist
at
R
X
FP4
an
d
a
w
eak
an
tagon
ist
at
R
X
FP3.
U
n
like
R
X
FP1
an
d
R
X
FP2,
both
R
X
FP3
an
d
R
X
FP4
are
en
coded
by
a
sin
gle
exon
.
IN
SL5
is
secreted
from
en
teroen
-
docrin
e
L
cells
an
d
th
e
IN
SL5/R
X
FP4
system
con
trols
food
in
take
an
d
glucose
h
om
eostasis
[685].
R
X
FP3
an
d
R
X
FP4
couple
to
G
i/o
an
d
in
h
ibit
aden
ylyl
cyclase
[1186,
2014],
an
d
also
cause
Erk1/2
ph
osph
orylation
[2014].
R
X
FP4
also
causes
ph
osph
orylation
of
p38M
A
PK
,
A
kt
an
d
S6R
P
[51].
Th
ere
is
eviden
ce
th
at
at
R
X
FP3,
relaxin
(RLN
2,P04090)is
a
biased
ligan
d
com
pared
to
th
e
cogn
ate
ligan
d
relaxin
-3.
Fu
rth
er
read
in
g
o
n
R
elax
in
fam
ily
p
ep
tid
e
recep
to
rs
Bath
gate
R
A
et
al.
(2013)
R
elaxin
fam
ily
peptides
an
d
th
eir
receptors.
Physiol.
Rev.
93
:
405-80
[PM
ID
:23303914]
D
u
X
J
et
al.
(2010)
C
ardiovascular
effects
of
relaxin
:
from
basic
scien
ce
to
clin
icalth
erapy.
N
at
Rev
C
ardiol7
:48-58
[PM
ID
:19935741]
H
alls
M
L
et
al.
(2015)
In
tern
ation
al
U
n
ion
of
Basic
an
d
C
lin
ical
Ph
arm
acology.
X
C
V.
R
ecen
t
ad-
van
ces
in
th
e
un
derstan
din
g
of
th
e
ph
arm
acology
an
d
biological
roles
of
relaxin
fam
ily
pep-
tide
receptors
1-4,
th
e
receptors
for
relaxin
fam
ily
peptides.
Pharm
acol.
Rev.
67
:
389-440
[PM
ID
:25761609]
Ivell
R
et
al.
(2011)
R
elaxin
fam
ily
peptides
in
th
e
m
ale
reproductive
system
–a
critical
appraisal.
M
ol.H
um
.Reprod.17
:71-84
[PM
ID
:20952422]
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Som
atostatin
receptors
G
protein
-coupled
receptors→
Som
atostatin
receptors
O
verview
:
Som
atostatin
(som
atotropin
release
in
h
ibitin
g
factor)
is
an
abun
dan
t
n
europeptide,
w
h
ich
acts
on
five
subtypes
of
som
atostatin
receptor
(SST
1 -SST
5 ;
n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
So
m
ato
statin
R
ecep
to
rs
[829]).
A
ctivation
of
th
ese
receptors
produces
a
w
ide
ran
ge
of
ph
ysiological
effects
th
rough
out
th
e
body
in
cludin
g
th
e
in
h
ibition
of
secretion
of
m
an
y
h
orm
on
es.
En
dogen
ous
ligan
ds
for
th
ese
receptors
are
som
atostatin
-14
(SR
IF-14
(SST
,P61278))
an
d
som
atostatin
-28
(SR
IF-28
(SST
,P61278)).
C
ortistatin
-14
{M
ouse,R
at}
h
as
also
been
suggested
to
be
an
en
dogen
ous
ligan
d
for
som
atostatin
receptors
[427].
N
om
enclature
SST
1
receptor
SST
2
receptor
SST
3
receptor
SST
4
receptor
SST
5
receptor
H
G
N
C
,U
niProt
SSTR1,P30872
SSTR2,P30874
SSTR3,P32745
SSTR4,P31391
SSTR5,P35346
Agonists
pasireotide
[1740]
pasireotide
[1740]
pasireotide
[1740],
vapreotide
[238,1540,
1807]
N
N
C
269100
[1197]
pasireotide
[1740]
Selective
agonists
L-797,591
[1669],
D
es-Ala 1,2,5-[D
-Trp
8,IAm
p
9]SRIF
[512]
L-054,522
[2172],BIM
23027
[283],
octreotide
[238,1540,1805,1806,1807,
2172]
L-796,778
[1669]
L-803,087
[1669]
BIM
23052
[1325,1805,1806,
1807],L-817,818
[1669]
Selective
antagonists
SRA880
(pK
d
8–8.1)
[831]
[D
-Tyr 8]C
YN
154806
(pK
d
8.1–8.9)
[1478]
N
VP
AC
Q
090
(pK
i 7.9)
[832]
–
–
Labelled
ligands
–
[ 125I]Tyr 3
SM
S
201-995
(Agonist)
[1805,
1806],[ 125I]BIM
23027
(Agonist)
[811]–
Rat
–
–
[ 125I]Tyr 3
SM
S
201-995
(Agonist)
[1805,1806]
C
o
m
m
en
ts:[ 125I]Tyr 11-SR
IF-14,[ 125I]LTT-SR
IF-28,[ 125I]C
G
P
23996
an
d
[ 125I]Tyr 10-C
ST14
m
ay
be
used
to
labelsom
atostatin
receptors
n
on
selectively.A
n
um
berofn
on
peptide
subtype-selective
agon
ists
h
ave
been
syn
th
esised
[1669].
O
ctreotide
an
d
lan
reotide
are
bein
g
used
in
th
e
treatm
en
t
of
SST
2 -expressin
g
n
euroen
docrin
e
tum
ors
an
d
pasireotide
for
SST
5 -expressin
g
n
euroen
docrin
e
tum
ors.
A
n
ovel
peptide
som
atostatin
an
alogue,veldoreotide
(som
atoprim
),h
as
affin
ity
for
SST
2 ,SST
4
an
d
SST
5
receptors
an
d
is
a
poten
t
in
h
ibitor
of
G
H
secretion
[1586,1793].
Fu
rth
er
read
in
g
o
n
So
m
ato
statin
recep
to
rs
C
olao
A
et
al.
(2011)
R
esistan
ce
to
som
atostatin
an
alogs
in
acrom
egaly.
Endocr.
Rev.
32
:
247-71
[PM
ID
:21123741]
H
oyerD
etal.(2000)Som
atostatin
receptors.In
T
he
IU
PH
A
R
C
om
pendium
ofReceptorC
haracterization
and
C
lassification,2nd
edn.Edited
by
W
atson
SP,G
irdleston
e
D
:IU
PH
A
R
M
edia:354-364
Sch
ulz
S
etal.(2014)Fin
e-tun
in
g
som
atostatin
receptorsign
allin
g
by
agon
ist-selective
ph
osph
oryla-
tion
an
d
deph
osph
orylation
:IU
PH
A
R
R
eview
5.Br.J.Pharm
acol.171
:1591-9
[PM
ID
:24328848]
W
eckbecker
G
etal.(2003)O
pportun
ities
in
som
atostatin
research
:biological,ch
em
icalan
d
th
era-
peutic
aspects.
N
atRev
D
rug
D
iscov
2
:999-1017
[PM
ID
:14654798]
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Succinate
receptor
G
protein
-coupled
receptors→
Succin
ate
receptor
O
verview
:
N
o
m
en
clatu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[414].
Th
e
Succin
ate
receptor
h
as
been
iden
tified
as
bein
g
activated
by
ph
ysiologicallevels
of
th
e
K
rebs’cycle
in
term
ediate
succin
ate
an
d
oth
er
dicarboxylic
acids
such
as
m
aleate
in
2004.
Sin
ce
its
pairin
g
w
ith
its
en
dogen
ous
ligan
d,
th
e
receptor
h
as
been
th
e
focus
of
in
ten
sive
research
an
d
its
role
h
as
been
eviden
ced
in
various
(path
o)ph
ysiologicalprocesses
such
as
regulation
of
ren
in
production
,retin
alan
giogen
esis
or
im
m
un
e
respon
se.
N
om
enclature
succinate
receptor
H
G
N
C
,U
niProt
SU
CN
R1,Q
9BX
A5
Endogenous
agonists
succinic
acid
[762,1854]
C
o
m
m
en
ts:
In
h
um
an
s,th
ere
is
th
e
possibility
oftw
o
open
-readin
g
fram
es
(O
R
Fs)for
SU
C
N
R1,allow
in
g
th
e
gen
eration
of330
or
334
am
in
o
acid
protein
s
W
itten
berger
etal.[2127]n
oted
th
atth
e
330-A
A
protein
w
as
m
ore
likely
to
be
expressed
given
th
e
K
ozak
sequen
ce
surroun
din
g
th
e
secon
d
A
TG
.Som
e
databases
report
SU
C
N
R
1
as
bein
g
334-A
A
lon
g.
Fu
rth
er
read
in
g
o
n
Su
ccin
ate
recep
to
r
A
riza
A
C
et
al.
(2012)
Th
e
succin
ate
receptor
as
a
n
ovel
th
erapeutic
target
for
oxidative
an
d
m
etabolic
stress-related
con
dition
s.FrontEndocrinol(Lausanne)3
:22.[PM
ID
:22649411]
de
C
astro
Fon
seca
M
etal.(2016)G
PR
91:expan
din
g
th
e
fron
tiers
ofK
rebs
cycle
in
term
ediates.C
ell
C
om
m
un.Signal14
:3
[PM
ID
:26759054]
G
ilissen
J
etal.(2016)
In
sigh
t
in
to
SU
C
N
R
1
(G
PR
91)
structure
an
d
fun
ction
.
Pharm
acol.T
her.159
:
56-65
[PM
ID
:26808164]
Peti-Peterdi
J.(2010)
H
igh
glucose
an
d
ren
in
release:
th
e
role
of
succin
ate
an
d
G
PR
91.
K
idney
Int.
78
(12):1214-7.[PM
ID
:20861827]
Tachykinin
receptors
G
protein
-coupled
receptors→
Tach
ykin
in
receptors
O
verview
:
Tach
ykin
in
receptors
(p
ro
visio
n
al
n
o
m
en
cla-
tu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[557])
are
activated
by
th
e
en
dogen
ous
peptides
substan
ce
P
(TA
C
1,
P20366)
(SP),
n
eurokin
in
A
(TA
C
1,
P20366)
(N
K
A
;
previously
kn
ow
n
as
sub-
stan
ce
K
,
n
eurokin
in
α
,
n
eurom
edin
L),
n
eurokin
in
B
(TA
C
3,
Q
9U
H
F0)
(N
K
B;
previously
kn
ow
n
as
n
eurokin
in
β,
n
eurom
edin
K
),
n
europeptide
K
(TA
C
1,
P20366)
an
d
n
europeptide
γ
(TA
C
1,
P20366)(N
-term
in
ally
exten
ded
form
s
ofn
eurokin
in
A
).Th
e
n
eu-
rokin
in
s
(A
an
d
B)
are
m
am
m
alian
m
em
bers
of
th
e
tach
ykin
in
fam
ily,
w
h
ich
in
cludes
peptides
of
m
am
m
alian
an
d
n
on
m
am
-
m
alian
origin
con
tain
in
g
th
e
con
sen
sus
sequen
ce:Ph
e-x-G
ly-Leu-
M
et.M
arked
species
differen
ces
in
in
vitro
ph
arm
acology
exist
for
allth
ree
receptors,in
th
e
con
text
of
n
on
peptide
ligan
ds.
A
n
tago-
n
ists
such
as
aprepitan
t
an
d
fosaprepitan
t
w
ere
approved
by
FD
A
an
d
EM
A
,
in
com
bin
ation
w
ith
oth
er
an
tiem
etic
agen
ts,
for
th
e
preven
tion
of
n
ausea
an
d
vom
itin
g
associated
w
ith
em
etogen
ic
can
cer
ch
em
oth
erapy.
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N
om
enclature
N
K
1
receptor
N
K
2
receptor
N
K
3
receptor
H
G
N
C
,U
niProt
TACR1,P25103
TACR2,P21452
TACR3,P29371
Potency
order
ofendogenous
ligands
substance
P
(TAC1,P20366)
>
neurokinin
A
(TAC1,
P20366)
>
neurokinin
B
(TAC3,Q
9U
H
F0)
neurokinin
A
(TAC1,P20366)
>
neurokinin
B
(TAC3,
Q
9U
H
F0)≫
substance
P
(TAC1,P20366)
neurokinin
B
(TAC3,Q
9U
H
F0)
>
neurokinin
A
(TAC1,P20366)
>
substance
P
(TAC1,P20366)
Agonists
substance
P-O
M
e
[1960]
–
–
Selective
agonists
[Sar 9,M
et(O
2 ) 11]SP
[1960],septide
[130,746],
[Pro
9]SP
[1975]–
Rat
[Lys 5,M
e-Leu
9,N
le 10]N
KA-(4-10)
[1292]–
Rat,G
R64349
[432]–
Rat,[βAla 8]neurokinin
A-(4-10)
[505]
[Phe(M
e) 7]neurokinin
B
[1717,1718],senktide
[1717,1718,1960]
Selective
antagonists
aprepitant
(pK
i 10.1)
[709,710],C
P
99994
(pK
i
9.3–9.7)
[53,1718],RP67580
(pIC
50
7.7)
[555]
G
R94800
(pK
i 9.8)
[206],saredutant
(pK
i 9.4–9.7)
[53,
505,1718],G
R
159897
(pK
d
7.8–9.5)
[137,505,1837],
M
EN
10627
(pK
i 9.2)
[638],nepadutant
(pK
i 8.5–8.7)
[284,
358]
osanetant
(pK
i 8.4–9.7)
[53,116,357,504,941,
1518,1717,1718,1960],talnetant
(pK
i 7.4–9)
[133,639,1717,1718],PD
157672
(pIC
50
7.8–7.9)
[168,1960]
Labelled
ligands
[ 125I]L703,606
(Antagonist)
(pK
d
9.5)
[566],
[ 125I]BH
-[Sar 9,M
et(O
2 ) 11]SP
(Agonist)
[1979]–
Rat,[ 3H
]SP
(hum
an,m
ouse,rat)
(Agonist)
[84],
[ 125I]SP
(hum
an,m
ouse,rat)
(Agonist),
[ 18F]SPA-RQ
(Antagonist)
[332]
[ 3H
]saredutant
(Antagonist)
(pK
d
9.7)
[683]–
Rat,
[ 125I]N
KA
(hum
an,m
ouse,rat)
(Agonist)
[2077],
[ 3H
]G
R100679
(Antagonist)
(pK
d
9.2)
[705]
[ 3H
]osanetant(Antagonist)
(pK
d
9.9),[ 3H
]senktide
(Agonist)
[693]–
G
uinea
pig,[ 125I][M
ePhe 7]N
KB
(Agonist)
C
o
m
m
en
ts:
Th
e
N
K
1
receptor
h
as
also
been
described
to
couple
to
G
protein
s
oth
er
th
an
G
q/11
[1680].
Th
e
h
exapeptide
agon
ist
septide
appears
to
bin
d
to
an
overlappin
g
but
n
on
-iden
tical
site
to
substan
ce
P
(TA
C
1,
P20366)
on
th
e
N
K
1
receptor.
Th
ere
are
suggestion
s
for
addition
al
subtypes
of
tach
ykin
in
receptor;
an
orph
an
receptor
(Sw
issProt
P30098)
w
ith
structural
sim
ilarities
to
th
e
N
K
3
receptor
w
as
foun
d
to
respon
d
to
N
K
B
w
h
en
expressed
in
X
enopus
oocytes
or
C
h
in
ese
h
am
ster
ovary
cells
[459,1049].
Fu
rth
er
read
in
g
o
n
T
ach
yk
in
in
recep
to
rs
D
ouglas
SD
et
al.
(2011)
N
eurokin
in
-1
receptor:
fun
ction
al
sign
ifican
ce
in
th
e
im
m
un
e
system
in
referen
ce
to
selected
in
fection
s
an
d
in
flam
m
ation
.
A
nn.
N
.
Y.
A
cad.
Sci.
1217
:
83-95
[PM
ID
:21091716]
Foord
SM
etal.(2005)In
tern
ation
alU
n
ion
ofPh
arm
acology.X
LV
I.G
protein
-coupled
receptor
list.
Pharm
acolRev
57
:279-288
[PM
ID
:15914470]
Jon
es
S
et
al.
(2008)
Th
e
n
eurokin
in
1
receptor:
a
poten
tial
n
ew
target
for
an
ti-platelet
th
erapy?
C
urr
O
pin
Pharm
acol8
:114-9
[PM
ID
:18296119]
R
an
ce
N
E
et
al.
(2010)
N
eurokin
in
B
an
d
th
e
h
ypoth
alam
ic
regulation
of
reproduction
.
Brain
Res.
1364
:116-28
[PM
ID
:20800582]
R
ojas
C
et
al.
(2012)
Ph
arm
acological
m
ech
an
ism
s
of
5-H
T_3
an
d
tach
ykin
in
N
K
_1
receptor
an
-
tagon
ism
to
preven
t
ch
em
oth
erapy-in
duced
n
ausea
an
d
vom
itin
g.
Eur.
J.Pharm
acol.
684
:
1-7
[PM
ID
:22425650]
Stein
h
off
M
S
et
al.
(2014)
Tach
ykin
in
s
an
d
th
eir
receptors:
con
tribution
s
to
ph
ysiological
con
trol
an
d
th
e
m
ech
an
ism
s
of
disease.Physiol.Rev.94
:265-301
[PM
ID
:24382888]
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Thyrotropin-releasing
horm
one
receptors
G
protein
-coupled
receptors→
Th
yrotropin
-releasin
g
h
orm
on
e
receptors
O
verview
:
Th
yrotropin
-releasin
g
h
orm
on
e
(TR
H
)
receptors
(p
ro
visio
n
al
n
o
m
en
clatu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[557])
are
activated
by
th
e
en
dogen
ous
tripeptide
TR
H
(T
RH
,P20396)
(pG
lu-H
is-ProN
H
2).
TR
H
(T
RH
,
P20396)
an
d
TR
H
an
alogues
fail
to
distin
guish
TR
H
1
an
d
TR
H
2
receptors
[1896].
[ 3H
]TR
H
(h
um
an
,m
ouse,rat)
is
able
to
label
both
TR
H
1
an
d
TR
H
2
receptors
w
ith
K
d
values
of
13
an
d
9
n
M
respectively.
Syn
th
esis
an
d
biology
of
rin
g-m
odified
L-H
istidin
e
con
tain
in
g
TR
H
an
alogues
h
as
been
reported
[1316].
N
om
enclature
TRH
1
receptor
TRH
2
receptor
H
G
N
C
,U
niProt
TRH
R,P34981
–
Antagonists
diazepam
(pK
i 5.2)
[471]–
Rat
–
Selective
antagonists
m
idazolam
(pK
i 5.5)
[471]–
Rat,chlordiazepoxide
(pK
i 4.8)
[471]–
Rat,chlordiazepoxide
(pK
i 4.7)
[1878]–
M
ouse
–
C
om
m
ents
–
A
class
A
G
protein-coupled
receptor:not
present
in
m
an
Fu
rth
er
read
in
g
o
n
T
h
yro
tro
p
in
-releasin
g
h
o
rm
o
n
e
recep
to
rs
Bílek
R
etal.(2011)
TR
H
-like
peptides.
PhysiolRes
60
:207-15
[PM
ID
:21114375]
Foord
SM
etal.(2005)In
tern
ation
alU
n
ion
ofPh
arm
acology.X
LV
I.G
protein
-coupled
receptor
list.
Pharm
acolRev
57
:279-288
[PM
ID
:15914470]
N
illn
iEA
.(2010)
R
egulation
ofth
e
h
ypoth
alam
ic
th
yrotropin
releasin
g
h
orm
on
e
(TR
H
)
n
euron
by
n
euron
alan
d
periph
eralin
puts.FrontN
euroendocrinol31
:134-56
[PM
ID
:20074584]
Trace
am
ine
receptor
G
protein
-coupled
receptors→
Trace
am
in
e
receptor
O
verview
:
Trace
am
in
e-associated
receptors
w
ere
discovered
from
a
search
for
n
ovel
5-H
T
receptors
[189],
w
h
ere
15
m
am
-
m
alian
orth
ologues
w
ere
iden
tified
an
d
divided
in
to
tw
o
fam
-
ilies.
Th
e
TA
1
receptor
(n
o
m
en
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
fo
r
th
e
T
race
am
in
e
recep
to
r
[1244])
h
as
affin
ity
for
th
e
en
dogen
ous
trace
am
in
es
tyram
in
e,
β-ph
en
yleth
ylam
in
e
an
d
octopam
in
e
in
addition
to
th
e
classi-
cal
am
in
e
dopam
in
e
[189].
Em
ergin
g
eviden
ce
suggests
th
at
TA
1
is
a
m
odulator
of
m
on
oam
in
ergic
activity
in
th
e
brain
[2151]
w
ith
TA
1
an
d
dopam
in
e
D
2
receptors
sh
ow
n
to
form
con
stitu-
tive
h
eterodim
ers
w
h
en
co-expressed
[519].
In
addition
to
trace
am
in
es,receptors
can
be
activated
by
am
ph
etam
in
e-like
psych
os-
tim
ulan
ts,an
d
en
dogen
ous
th
yron
am
in
es.
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N
om
enclature
TA
1
receptor
H
G
N
C
,U
niProt
TAAR1,Q
96RJ0
Potency
order
ofendogenous
ligands
tyram
ine
>
β-phenylethylam
ine
>
octopam
ine
=
dopam
ine
[189]
Agonists
RO
5166017
[1648]
Antagonists
EPPTB
(Inverse
agonist)
(pIC
50
5.1)
[205]
Labelled
ligands
[ 3H
]tyram
ine
(Agonist)
[189]
C
o
m
m
en
ts:
In
addition
to
TA
1 ,
in
m
an
th
ere
are
up
to
5
fun
c-
tion
al
TA
A
R
gen
es
(TA
A
R
2,5,6,8,9).
See
[189]
for
detailed
discus-
sion
.
Th
e
product
of
th
e
gen
e
TA
A
R
2
(also
kn
ow
n
as
G
PR
58)
appearsto
respon
d
to
β-ph
en
yleth
ylam
in
e
>
tyram
in
e
an
d
to
cou-
ple
th
rough
G
s
[189].
TA
A
R3,
in
som
e
in
dividuals,
an
d
TA
A
R4
are
pseudogen
es
in
m
an
,alth
ough
fun
ction
alin
roden
ts.Th
e
sig-
n
allin
g
ch
aracteristics
an
d
ph
arm
acology
ofTA
A
R
5
(PN
R
,Putative
N
eurotran
sm
itterR
eceptor:TA
A
R5,O
14804),TA
A
R
6
(Trace
am
in
e
receptor
4,
TaR
-4:
TA
A
R6,
96R
I8),
TA
A
R
8
(Trace
am
in
e
receptor
5,G
PR
102:
TA
A
R8,Q
969N
4
)
an
d
TA
A
R
9
(trace
am
in
e
associated
receptor
9:
TA
A
R
9,
96R
I9)
are
lackin
g.
Th
e
th
yron
am
in
es,
en
-
dogen
ous
derivatives
ofth
yroid
h
orm
on
e,h
ave
affin
ity
forroden
t
clon
ed
trace
am
in
e
receptors,in
cludin
g
TA
1
[1728].A
n
an
tagon
ist
EPPTB
h
as
recen
tly
been
described
w
ith
a
pK
i of
9.1
at
th
e
m
ouse
TA
1
but
>
5.3
for
h
um
an
TA
1
[1863].
Fu
rth
er
read
in
g
o
n
T
race
am
in
e
recep
to
r
M
aguire
JJ
et
al.
(2009)
In
tern
ation
al
U
n
ion
of
Ph
arm
acology.
LX
X
II.R
ecom
m
en
dation
s
for
trace
am
in
e
receptor
n
om
en
clature.
Pharm
acol.Rev.61
:1-8
[PM
ID
:19325074]
PeiY
etal.(2016)Trace
A
m
in
es
an
d
th
e
Trace
A
m
in
e-A
ssociated
R
eceptor
1:Ph
arm
acology,N
euro-
ch
em
istry,an
d
C
lin
icalIm
plication
s.
FrontN
eurosci10
:148
[PM
ID
:27092049]
U
rotensin
receptor
G
protein
-coupled
receptors→
U
roten
sin
receptor
O
verview
:
Th
e
uroten
sin
-II
(U
-II)
receptor
(U
T,
n
o
m
en
cla-
tu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
th
e
U
ro
ten
sin
recep
to
r
[466,
557,
2032])
is
activated
by
th
e
en
-
dogen
ous
dodecapeptide
uroten
sin
-II
(U
T
S2,
O
95399),
origin
ally
isolated
from
th
e
uroph
ysis,
th
e
en
docrin
e
organ
of
th
e
caudal
n
eurosecretory
system
of
teleost
fish
[138].
Several
structural
form
s
of
U
-II
exist
in
fish
an
d
am
ph
ibian
s.
Th
e
goby
orth
ologue
w
as
used
to
iden
tify
U
-II
as
th
e
cogn
ate
ligan
d
for
th
e
predicted
receptor
en
coded
by
th
e
rat
gen
e
gpr14
[389,
1195,
1379,
1476].
H
um
an
uroten
sin
-II
(U
T
S2,
O
95399),
an
11-am
in
o-acid
peptide
[389],
retain
s
th
e
cycloh
exapeptide
sequen
ce
of
goby
U
-II
th
at
is
th
ough
t
to
be
im
portan
t
in
ligan
d
bin
din
g
[224,
1003].
Th
is
sequen
ce
is
also
con
served
in
th
e
deduced
am
in
o-acid
sequen
ce
of
rat
uroten
sin
-II
{R
at}
(14
am
in
o-acids)
an
d
m
ouse
uroten
sin
-II
{M
ouse}
(14
am
in
o-acids),
alth
ough
th
e
N
-term
in
al
is
m
ore
di-
vergen
t
from
th
e
h
um
an
sequen
ce
[388].
A
secon
d
en
dogen
ous
ligan
d
for
th
e
U
T
h
as
been
discovered
in
rat
[1890].
Th
is
is
th
e
uroten
sin
II-related
peptide
(U
T
S2B,Q
765I0),an
octapeptide
th
at
is
derived
from
a
differen
t
gen
e,
but
sh
ares
th
e
C
-term
in
al
se-
quen
ce
(C
FW
K
Y
C
V
)com
m
on
to
U
-IIfrom
oth
erspecies.Iden
tical
sequen
ces
to
rat
uroten
sin
II-related
peptide
(U
T
S2B,Q
765I0)
are
predicted
forth
e
m
ature
m
ouse
an
d
h
um
an
peptides
[472].U
T
ex-
h
ibits
relatively
h
igh
sequen
ce
iden
tity
w
ith
som
atostatin
,opioid
an
d
galan
in
receptors
[2032].
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N
om
enclature
U
T
receptor
H
G
N
C
,U
niProt
U
TS2R,Q
9U
KP6
Endogenous
agonists
urotensin
II-related
peptide
(U
TS2B,Q
765I0)
[472,1243],urotensin-II(U
TS2,O
95399)
[467,503,681]
Selective
agonists
[Pen
5]U
-(4-11)
(hum
an)
[681],U
-II-(4-11)
(hum
an)
[681],[3-iodo-Tyr 6]U
-II-(4-11)
(hum
an)
[1084],U
rolinin
[95],FL104
[1139,1141],AC
-7954
[398,1140]
Selective
antagonists
JN
J-39319202
(pK
i 8.4)
[1106],urantide
(pK
i 8.3)
[1536],SB-706375
(pK
i 8)
[467],[O
rn
5]U
RP
(pK
i 7.2)
[445]–
Rat,palosuran
(pIC
50
7.1)
[366],SB-436811
(pK
i 6.7)
[912]–
Rat,
SB-611812
(pK
i 6.6)
[1622],S6716
(Inverse
agonist)
(pIC
50
6.4)
[554],[C
ha 6]U
-II-(4-11)
(pK
i 6.4)
[312]–
Rat
Labelled
ligands
[ 125I]U
-II(hum
an)
(Agonist)
[42,198,312,1243],[ 125I]N
-biotin-[Ahx 0,Bpa 3]U
-II(hum
an)
[454]
C
o
m
m
en
ts:In
th
e
h
um
an
vasculature,h
um
an
uroten
sin
-II
(U
T
S2,O
95399)
elicits
both
vasocon
strictor
(pD
2
9.3-10.1,[1243])
an
d
vasodilator
(pIC
50
10.3-10.4,[1872])
respon
ses.
Fu
rth
er
read
in
g
o
n
U
ro
ten
sin
recep
to
r
Foord
SM
etal.(2005)In
tern
ation
alU
n
ion
ofPh
arm
acology.X
LV
I.G
protein
-coupled
receptor
list.
Pharm
acolRev
57
:279-288
[PM
ID
:15914470]
H
un
t
BD
et
al.
(2010)
A
rat
brain
atlas
of
uroten
sin
-II
receptor
expression
an
d
a
review
of
cen
tral
uroten
sin
-II
effects.
N
aunyn
Schm
iedebergs
A
rch.Pharm
acol.382
:1-31
[PM
ID
:20422157]
M
aryan
off
BE
et
al.
(2010)
U
roten
sin
-II
receptor
m
odulators
as
poten
tial
drugs.
J.M
ed.
C
hem
.
53
:
2695-708
[PM
ID
:20043680]
R
oss
B
et
al.
(2010)
R
ole
of
uroten
sin
II
in
h
ealth
an
d
disease.
A
m
.
J.Physiol.
Regul.
Integr.
C
om
p.
Physiol.298
:R
1156-72
[PM
ID
:20421634]
Vasopressin
and
oxytocin
receptors
G
protein
-coupled
receptors→
V
asopressin
an
d
oxytocin
receptors
O
verview
:V
asopressin
(AV
P)an
d
oxytocin
(O
T)receptors
(n
o
m
en
clatu
re
as
reco
m
m
en
d
ed
b
y
N
C
-IU
P
H
A
R
[557])are
activated
by
th
e
en
dogen
ous
cyclic
n
on
apeptides
vasopressin
(AV
P,P01185)
an
d
oxytocin
(O
X
T
,P01178).Th
ese
peptides
are
derived
from
precursors
w
h
ich
also
produce
n
europh
ysin
s
(n
europh
ysin
I
for
oxytocin
;n
europh
ysin
II
for
vasopressin
).
N
om
enclature
V
1A
receptor
V
1B
receptor
H
G
N
C
,U
niProt
AVPR1A,P37288
AVPR1B,P47901
Potency
order
ofendogenous
ligands
vasopressin
(AVP,P01185)
>
oxytocin
(O
XT,P01178)
vasopressin
(AVP,P01185)
>
oxytocin
(O
XT,P01178)
Endogenous
agonists
vasopressin
(AVP,P01185)
[24,326,383,439,1418,1571,1702,1913,1914,1945,1946,2162]
vasopressin
(AVP,P01185)
[24,326,439,682,1418,
1702,1913,1914,1946,2162]
Selective
agonists
F180
[50,383]
d[Leu
4]LVP
[1553],d[C
ha 4]AVP
[439,682]
Antagonists
conivaptan
(pK
i 8.2–8.4)
[1913,1914]
nelivaptan
(pK
i 8.4–9.3)
[678,682,1773]
Selective
antagonists
relcovaptan
(pK
i 8.1–9.3)
[24,383,682,1571,1771,1913,1945,1946,1986],
d(C
H
2 )5 [Tyr(M
e) 2,Arg
8]VP
(pK
i 9)
–
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database:http://w
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(continued)
N
om
enclature
V
1A
receptor
V
1B
receptor
Labelled
ligands
[ 125I]O
H
-LVA
(Antagonist)
(pK
d
10.3–10.4)
[334,383,1571],[ 3H
]AVP
(hum
an,m
ouse,rat)
(Agonist)
[214,334,383,384,1418,1571,1702,1913,1914,1945,1946,1986,2162],
[ 3H
]d(C
H
2 )5 [Tyr(M
e) 2]AVP
(Antagonist)
(pK
d
9)
[ 3H
]AVP
(hum
an,m
ouse,rat)
(Agonist)
[214,334,383,
384,1418,1571,1702,1913,1914,1945,1946,1986,
2162]
N
om
enclature
V
2
receptor
O
T
receptor
H
G
N
C
,U
niProt
AVPR2,P30518
O
XTR,P30559
Potency
order
ofendogenous
ligands
vasopressin
(AVP,P01185)
>
oxytocin
(O
XT,P01178)
oxytocin
(O
XT,P01178)
>
vasopressin
(AVP,P01185)
Endogenous
agonists
vasopressin
(AVP,P01185)
[24,326,334,439,1418,1702,1771,1913,1914,1946,2162]
oxytocin
(O
XT,P01178)
[24,334,335,360,682,895]
Selective
agonists
VN
A932
[527],O
PC
-51803
[1418],d[Val 4,D
Arg
8]VP
[Thr 4,G
ly 7]O
T
[335,500,895]
Antagonists
–
L-371,257
(pK
i 8.8)
[682]
Selective
antagonists
conivaptan
(pK
i 9.4)
[397],tolvaptan
(pK
i 9.4)
[2162],satavaptan
(pK
i 8.4–9.3)
[24,383,384,
1770,1771,1913,1986],lixivaptan
(Inverse
agonist)
(pK
i 8.9–9.2)
[33,1771],
d(C
H
2 )5 [D
-Ile 2,Ile 4]AVP
(pK
i 6.9–8.4)
[1771],m
ozavaptan
(Inverse
agonist)
(pK
i 7.4–8.1)
[384,
1771,1913,1946,2162,2163]
SSR126768A
(pK
i 8.8–9.1)
[1772],
desG
lyN
H
2 -d(C
H
2 )5 [Tyr(M
e) 2,Thr 4,O
rn
8]O
T
(pK
i 8.5),
L-372662
(pK
i 8.4)
[127]
Labelled
ligands
[ 3H
]AVP
(hum
an,m
ouse,rat)
(Agonist)
[334,383,384,1418,1702,1913,1914,1946,1986,
2162],[ 3H
]dD
AVP
(Agonist)
[334,384,1946],[ 3H
]desG
ly-N
H
2 [D
-Ile 2,Ile 4]VP
(pK
d
8.6)
[ 125I]d(C
H
2 )5 [Tyr(M
e) 2,Thr 4,O
rn
8,Tyr-N
H
2
9]O
VT
(Antagonist)
(pK
d
10),[ 3H
]O
T
(hum
an,m
ouse,rat)
(Agonist)
[334,583,
895,998],[ 111In]D
O
TA-dLVT
(pK
d
8.3)
[333]
C
o
m
m
en
ts:
Th
e
V
2
receptor
exh
ibits
m
arked
species
differen
ces,such
th
at
m
an
y
ligan
ds
(d(C
H
2 )5 [D
-Ile 2,Ile 4]AV
P
an
d
[ 3H
]desG
ly-N
H
2 [D
-Ile 2,Ile 4]V
P)
exh
ibit
low
affin
ity
at
h
um
an
V
2
receptors
[29].
Sim
ilarly,[ 3H
]d[D
-A
rg
8]V
P
is
V
2
selective
in
th
e
rat,n
ot
in
th
e
h
um
an
[1702].
Th
e
gen
e
en
codin
g
th
e
V
2
receptor
is
polym
orph
ic
in
m
an
,un
derlyin
g
n
eph
rogen
ic
diabetes
in
sipidus
[152].
D
[C
h
a 4]AV
P
is
selective
on
ly
for
th
e
h
um
an
an
d
bovin
e
V
1B
receptors
[439],w
h
ile
d[Leu
4]LV
P
h
as
h
igh
affin
ity
for
th
e
rat
V
1B
receptor
[1553].
Fu
rth
er
read
in
g
o
n
V
aso
p
ressin
an
d
o
x
yto
cin
recep
to
rs
Bartz
JA
etal.(2011)
Socialeffects
ofoxytocin
in
h
um
an
s:con
text
an
d
person
m
atter.Trends
C
ogn.
Sci.(Regul.Ed.)
15
:301-9
[PM
ID
:21696997]
K
n
epper
M
A
.(2012)
System
s
biology
in
ph
ysiology:
th
e
vasopressin
sign
alin
g
n
etw
ork
in
kidn
ey.
A
m
.J.Physiol.,C
ellPhysiol.303
:C
1115-24
[PM
ID
:22932685]
K
osh
im
izu
TA
et
al.
(2012)
V
asopressin
V
1a
an
d
V
1b
receptors:
from
m
olecules
to
ph
ysiological
system
s.Physiol.Rev.92
:1813-64
[PM
ID
:23073632]
M
an
n
in
g
M
et
al.
(2012)
O
xytocin
an
d
vasopressin
agon
ists
an
d
an
tagon
ists
as
research
tools
an
d
poten
tialth
erapeutics.
J.N
euroendocrinol.24
:609-28
[PM
ID
:22375852]
M
eyer-Lin
den
berg
A
et
al.
(2011)
O
xytocin
an
d
vasopressin
in
th
e
h
um
an
brain
:
socialn
europep-
tides
for
tran
slation
alm
edicin
e.
N
at.Rev.N
eurosci.12
:524-38
[PM
ID
:21852800]
N
eum
an
n
ID
et
al.
(2012)
Balan
ce
of
brain
oxytocin
an
d
vasopressin
:
im
plication
s
for
an
xiety,
depression
,an
d
socialbeh
aviors.
Trends
N
eurosci.35
:649-59
[PM
ID
:22974560]
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VIP
and
PAC
AP
receptors
G
protein
-coupled
receptors→
V
IP
an
d
PA
C
A
P
receptors
O
verview
:
V
asoactive
in
testin
al
peptide
(V
IP)
an
d
pituitary
aden
ylate
cyclase-activatin
g
peptide
(PA
C
A
P)
receptors
(n
o
m
en
-
clatu
re
as
ag
reed
b
y
th
e
N
C
-IU
P
H
A
R
Su
b
co
m
m
ittee
o
n
V
aso
active
In
testin
al
P
ep
tid
e
R
ecep
to
rs
[739,740])are
ac-
tivated
by
th
e
en
dogen
ous
peptides
V
IP
(V
IP,P01282),PA
C
A
P-38
(A
D
C
YA
P1,P18509),PA
C
A
P-27
(A
D
C
YA
P1,P18509),peptide
h
is-
tidin
e
isoleucin
eam
ide
(PH
I
{M
ouse,
R
at}),
peptide
h
istidin
e
m
e-
th
ion
in
eam
ide
(PH
M
(V
IP,
P01282))
an
d
peptide
h
istidin
e
va-
lin
e
(PH
V
(V
IP,
P01282)).
V
PA
C
1
an
d
V
PA
C
2
receptors
dis-
play
com
parable
affin
ity
for
th
e
PA
C
A
P
peptides,
PA
C
A
P-27
(A
D
C
YA
P1,
P18509)
an
d
PA
C
A
P-38
(A
D
C
YA
P1,
P18509),
an
d
V
IP
(V
IP,
P01282),
w
h
ereas
PA
C
A
P-27
(A
D
C
YA
P1,
P18509)
an
d
PA
C
A
P-38
(A
D
C
YA
P1,
P18509)
are
>
100
fold
m
ore
poten
t
th
an
V
IP
(V
IP,
P01282)
as
agon
ists
of
m
ost
isoform
s
of
th
e
PA
C
1
re-
ceptor.
H
ow
ever,on
e
splice
varian
t
of
th
e
h
um
an
PA
C
1
receptor
h
as
been
reported
to
respon
d
to
PA
C
A
P-38
(A
D
C
YA
P1,
P18509),
PA
C
A
P-27
(A
D
C
YA
P1,
P18509)
an
d
V
IP
(V
IP,
P01282)
w
ith
com
-
parable
affin
ity
[411].
PG
99-465
[1374]
h
as
been
used
as
a
selec-
tive
V
PA
C
2
receptoran
tagon
istin
a
n
um
berofph
ysiologicalstud-
ies,
but
h
as
been
reported
to
h
ave
sign
ifican
t
activity
at
V
PA
C
1
an
d
PA
C
1
receptors
[446].
Th
e
selective
PA
C
1
receptor
agon
ist
m
axadilan
,
w
as
extracted
from
th
e
salivary
glan
ds
of
san
d
flies
(Lutzom
yia
longipalpis)an
d
h
asn
o
sequen
ce
h
om
ology
to
V
IP
(V
IP,
P01282)
or
th
e
PA
C
A
P
peptides
[1383].
Tw
o
deletion
varian
ts
of
m
axadilan
,M
65
[1994]an
d
M
ax.d.4
[1384]h
ave
been
reported
to
be
PA
C
1
receptor
an
tagon
ists,
but
th
ese
peptides
h
ave
n
ot
been
exten
sively
ch
aracterised.
N
om
enclature
PAC
1
receptor
VPAC
1
receptor
VPAC
2
receptor
H
G
N
C
,U
niProt
AD
CYAP1R1,P41586
VIPR1,P32241
VIPR2,P41587
Potency
order
ofendogenous
ligands
PAC
AP-27
(AD
CYAP1,P18509),
PAC
AP-38
(AD
CYAP1,P18509)≫
VIP
(VIP,P01282)
VIP
(VIP,P01282),PAC
AP-27
(AD
CYAP1,P18509),PAC
AP-38
(AD
CYAP1,P18509)≫
G
H
RH
(G
H
RH
,P01286),PH
I{Pig},
secretin
(SCT,P09683)
VIP
(VIP,P01282),PAC
AP-38
(AD
CYAP1,P18509),PAC
AP-27
(AD
CYAP1,P18509)
>
PH
I{Pig}≫
G
H
RH
(G
H
RH
,P01286),
secretin
(SCT,P09683)
Selective
agonists
m
axadilan
[446],m
axadilan
[446]
[Lys 15,Arg
16,Leu
27]VIP-(1-7)/G
RF-(8-27)-N
H
2
[1369],
[Ala 11,22,28]VIP
[1458]
Ro
25-1553
[669,930,1369],Ro
25-1392
[2144]
Selective
antagonists
–
PG
97-269
(pIC
50
8.7)
[668,930]
–
Labelled
ligands
[ 125I]PAC
AP-27
(Agonist)
[1581]
[ 125I]VIP
(hum
an,m
ouse,rat)
(Agonist)
[1458],
[ 125I]PAC
AP-27
(Agonist)
[ 125I]VIP
(hum
an,m
ouse,rat)
(Agonist)
[1458],
[ 125I]PAC
AP-27
(Agonist)
C
o
m
m
en
ts:
Subtypes
of
PA
C
1
receptors
h
ave
been
proposed
based
on
tissue
differen
ces
in
th
e
poten
cies
of
PA
C
A
P-27
(A
D
C
YA
P1,P18509)
an
d
PA
C
A
P-38
(A
D
C
YA
P1,P18509);th
ese
m
igh
t
result
from
differen
ces
in
G
protein
couplin
g
an
d
secon
d
m
essen
ger
m
ech
an
ism
s
[2018],or
from
altern
ative
splicin
g
of
PA
C
1
receptor
m
R
N
A
[1859].
Fu
rth
er
read
in
g
o
n
V
IP
an
d
PA
C
A
P
recep
to
rs
H
arm
ar
A
Jetal.(1998)In
tern
ation
alU
n
ion
ofPh
arm
acology.X
V
III.N
om
en
clature
ofreceptors
for
vasoactive
in
testin
alpeptide
an
d
pituitary
aden
ylate
cyclase-activatin
g
polypeptide.Pharm
acol
Rev
50
:265-270
[PM
ID
:9647867]
H
arm
ar
A
J
et
al.
(2012)
Ph
arm
acology
an
d
fun
ction
s
of
receptors
for
vasoactive
in
testin
al
peptide
an
d
pituitary
aden
ylate
cyclase-activatin
g
polypeptide:IU
PH
A
R
review
1.Br.J.Pharm
acol.166
:
4-17
[PM
ID
:22289055]
R
eglodi
D
et
al.
(2012)
Effects
of
pituitary
aden
ylate
cyclase
activatin
g
polypeptide
in
th
e
urin
ary
system
,
w
ith
special
em
ph
asis
on
its
protective
effects
in
th
e
kidn
ey.
N
europeptides
46
:
61-70
[PM
ID
:21621841]
Sm
ith
C
B
et
al.
(2012)
Is
PA
C
A
P
th
e
m
ajor
n
eurotran
sm
itter
for
stress
tran
sduction
at
th
e
adren
om
edullary
syn
apse?
J.M
ol.N
eurosci.48
:403-12
[PM
ID
:22610912]
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